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Description 

The oresent invention relates to erythropoietin analogs having at least one additional site for glyoosylation a eryth- 
rcJ^fn aSloas teSa deletion of one or more glycosylate sites in human erythropoietin and an addition of an 

erythropoietin analogs, and recombinant plasmids and host cells for analog expressron. 



Background of the Invention 
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Ervthroooietin (EPO) is a glycoprotein hormone involved in the maturation or erythroid progenitor cells 'ntoerym- 
«^S!!!!^f!^ >^els or red blood cells in circulation. Naturally occurring erythropo.eJn ,sprodu«ri 
£^ £Li by the Kidney of aduHs and circulates in the blood and stimulates the produrtionM of red 

UoricZ Se marrow Anemia is almost invariably a consequence of renal failure due to decreased producton of 
eX^n^m^dney. Recombinant erythropoietin produced by ^engine^ 
Session of a protein product from a host cell transformed with the gene encoding erythropo.et.n has been found to 
be effective when used in the treatment of anemia resulting from chronic renal failure. . ^ aMIMin 

SLls of erythropoietin are normally present in human urine, while irxi^uate s^enng ™™ 
e^ibrtelevated levels of urinary erythropoietin. The purification of human unnary erythropoietin by Miyate et al. in J. 
£ Chtm SL£Ib Tt Soused asWrtng material, urine from aplastic anemic indhrfduals. To date, however, un- 
nary erythropoietin has not been shown to be therapeutically useful. . ... . „ s Patent No 

Th;WeSfication. cloning, and expression of genes encoding erythropoietin are described inU S Patent Na 
4 703 008 to Un the disclosure of which is incorporated herein by reference. A descr.pt.on of a method for Purrf>caton 
i'eiT^r^iSn from cell medium is induded in U. S. Patent No. 4.66^016 to La. et al The Mwpr^on 
and r^overy of biologically active recombinant erythropoietin from mammalian cell hosts corrtaming fr.e enJropo.et.n 
aSe^eSrnbSart ptesmids has. for the f irst time, made available quantities of erythropo.et.n surtaWe tor the apeutic 
SSr^ddlrSedge of the gene sequence and the availability of .arger quantities of purdied protem has 
led to a better understanding of the mode of action of the protein. O ii fl0S accha- 

Many cell surface and secretory proteins produced by eucaryotic cells are , modrf«d wrth one 
ririP orouns This modification referred to as glycosylation. can dramatically affect the physical properties ot proteins 
SS^^mSotein^ 

«al for biolooical activity In fact some genes from eucaryotic organisms, when expressed in bacteria (eg.. E* CfiW 
Slier! .aSa! r^SJ^S glycosylating protein, yield proteins that are recovered with .ittie or no activrty by v, 

"ep'a!*^ 

human erythropoietin which result in an increase in the number of sites for s.al,c aad attachment. The analogs have a 
oreater number of carbohydrate chains than human erythropoietin. 

Glycosylation occurs at specific locations along the polypeptide backbone and .s usually of too *pes^ 0-hnk* £ 
gosaccharides are attached to serine or threonine rescues while N-linked d.g^ccr^rKies are ^ 
Ldues when they are part of the sequence Asn-X-Ser/Thr. where X can be any amino aad exce^prohne^estruc 
ures Z I "«nked and O-finked oligosaccharides and the sugar residues found in each type are driterent. One type of 
suSr t^t ^^1° Won both is N-acety.neuraminic acid (hereafter refened to as sialfc aad). Static aodjs u^- 
^ VZlZ^VMOi both N-linked and Clinked oligosaccharides and. by virtue of its negative charge, may con- 

« the ami aS sequence 1-165 oVhuman erythropoietin contain three N-.inked and one 

chains which together comprise about 40% of the total molecular weight of the glycoprotein. N-I.nked glycosylation 
cSSatspStereSues^ 

Sated at position 126 (Lai et al. J. Biol. Chem. 2S1 3116 (1986); Broudy et al. Arch. Biochem. Biophys. 2S5. 329 
TtToSoUSSSde chains have been shown to be modified with terminal siatic acid ^u^Enz^atic 

so SLofglyoosylatederymropo^ 

affect jn yM activity (Lowy et al. Nature 1S5. 102 (1960); Goldwasser et al. J. B.ol. Chem. ^ ™ 
benavtor"hS been explained by rapid clearance of asialoerythropoietin from crculatron upon .nteraction wji tine 
heS asTa og. coprTein binding pmtein (Morrel. et al. J. Biol. Chem. 243, 155 (1968); Bnggs. et al Ara, JJPhj^. 
3?13W (1974); Ashwell et al. Methods Enzymol. 5Q. 287 (1978)). Thus, erythropo.etin possesses m yjyo. biological 

55 activity only when it is sialylated to avoid its binding by the hepatic tending protein 

Tne role of the other components in the oligosaccharide chains of erythropo.et.nj . ™twe^ ^ef-n^. it has been 
shown that oartially deglycosylated erythropoietin has greatly reduced m yjyo. activity compared to ttie Q^^ta 
STw S acLy (DordaleT al. Endocrinology Ufi. 2293 (1985); Lin Pf ^J" another^ud^ 
however, the removal of¥linked or Clinked oligosaccharide chains singly or together by mutagens of asparagme 
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or serine residues that are glycosylation sites sharply reduces in yitro activity of the altered erythropoietin that is pro- 
duced in mammalian cells (Dube et al. J. Biol. Chem. 2S3. 17516 (1988)). 

Glycoproteins such as erythropoietin can be separated into different charged forms using techniques such as .so- 
electric focusing (IEF). Several parties have reported IEF studies of crude and partially purified erythropoietin prepara- 

s tions Luta^ky et a/.. J. Biochem 5Q. 909 (1972); Snellen et al. Biochem. Med. !£. 45 (1975); Fuhr et aK Biochenv 
Biophys Res. Comm. 3& 930 (1981)). At most, three or four fractions having erythropoietin activity were distinguished 
by IEF in these studies and none were characterized with respect to caibohydrate content In addition, no correlation 

between the isoelectric points of the fractions and their biological activity was made. 

During the purification of urinary erythropoietin from human urine discussed in Miyake et. al. SUEES. two ervthropoi- 

10 etin fractions from hydroxylapatite chromatography designated II and IIIA were reported to have similar specrfic actvrty. 
A subsequent carbohydrate analysis of fractions II and IIIA revealed that fraction II had a greater average s.alic aod 

content than fraction IIIA (Dordal et. al. supra). ^ . . . .. ^ 

It is an object of the present invention to provide separated and isolated isoforms of erythropoietm haying a defined 
sialic acid content and increased biological activity. Pharmaceutical compositions containing such molecules would 

T5 have therapeutic benefit. 



Summary of the Invention 

The subject invention relates to analogs of human erythropoietin comprising an amino acid sequence which 
includes at least one additional site for glycosylation. The added sites for glycosylation may result in a greater number 
of carbohydrate chains, and higher sialic acid content, than human erythropoietin. Erythropoietin analogs co^^S 
amino acid sequences which include a deletion of one or more glycosylation sites and an addition of an equal number 
of non-naturally occuring glycosylation sites are also provided. Analogs comprising an addition of one or more amino 
acids to the carboxy terminal end of erythropoietin wherein the addition provides at least one glycosylation site are also 
included. The invention further encompasses DNA sequences encoding such erythropoietin analogs, and recombinant 
plasmids and host cells for analog expression. 

Brief Description of the Drawings 

Figure 1 shows an analytical isoelectric focusing gel of the separate recombinant erythropoietin isoforms. Gel lanes 
1-11 show isoforms ranging from less acidic (higher pi) in lane 1 to more acidic (lower pi), in lane 11. Purified recom- 
binant erythropoietin containing a mixture of isoforms 9-14 is also shown in the far left and right lanes of the gel. 

Figure 2 shows the relationship between the number of sialic acids per erythropoietin isoform and the in yjyg spe- 
cific activity of each isoform expressed as units per mg of erythropoietin polypeptide. In Figure 2A. the concentrationof 
each erythropoietin isoform was determined by the Bradford protein assay; in 2B. Ihe concentration was determined by 
absorbance at 280 nm. in 2C. the concentration was determined by RIA. ^ 

Figure 3 shows an analytical isoelectric focusing gel of defined mixtures of recombinant erythropoietin isoforms 
prepared by anion exchange chromatography under different conditions. Gel lanes 1-6 represent, respectively, erythro- 
poietin isoforms eluted in a high salt wash after washing the Q-Sepharose fast flow column with 150 mM acetic aod. 
pH 4.7. 150 mM acetic acid (unbuffered). 200 mM acetic acid. pH 4.7. 250 mM acetic acid, pH 4.7. 300 mM acetic aod. 
pH 4 7 or 300 mM acetic acid (unbuffered). Purified recombinant erythropoietin containing a mixture of isoforms as 
obtained using procedures described in Example 2 of Lai et al.. supra, except that DEAE-Agarose chromatography is 
replaced by Q-Sepharose chromatography, is also shown in the far left lane of the gel. 

Figure 4 shows the separation of erythropoietin isoforms 8 to 12 achieved by subjecting cell conditioned medium 
applied to a column of Q-Sepharose to a gradient of decreasing pH and increasing ionic strength. Aliquots of even num- 
bered fractions from Fraction 2 to Fraction 40 were subjected to analytical isoelectric focusing. Purified recombmant 
erythropoietin containing a mixture of isoforms obtained using procedures described in Example 2 of Lai et al. fiupia. 
except that DEAE-Agarose chromatography is replaced by Q-Sepharose chromatography, is also shown in the far left 

lane of the gel. _ . . . . 

Figure 5 shows the amino acid sequence of human erythropoietin. Squares indicate asparagine residues to which 
N-linked carbohydrate chains are attached and an asterisk indicates the serine residue modified with an O-linked car- 
bohydrate chain. 

Figures 6A 6B. and 6C show the series of cloning steps used in generating plasmids for the construction and anal- 
ysis of analogs of human erythropoietin. These analogs have amino acids altered as shown in Figure 5 which provide 
66 additional glycosylation sites. ^ , __..„.„. 

Figure 7 shows a Western blot analysis of COS cell supernatants of human sequence erythropoetin and in^cated 
erythropoietin analogs. The analogs (Asn*. Ser"] EPO. [Asn«] EPO^ W'] EPO anc I [P^ < .Thr^ EPO 
are instructed as described in Example 6. Additional analogs [Pro 125 . Thr 127 l EPO and [Asn 126 , Ser 128 ] EPO which 
do not contain additional carbohydrate chains are shown for comparison. 
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Figure 8 shows a Western Wot analysis of COS cell supernatants of human sequence e^hropdetin and indicated 
erythropoietinana^^ 

structed as desaibed in Example 6. The analogs [Val 126 ] EPO. [Pro 12 *] E PO. [Pro 125 ] EPO, [Thr 127 ] EPO. [Pro 125 . 
Ser 127 ] EPO and [Thr 125 , Ser 127 ] EPO are shown for comparison. 

s Figure 9 shows an isoelectric focusing gel of pools 2, 3 and 4 obtained by Q-Sepharose and C4 reverse phase 
chromatography of cell medium that supported the growth of CHO cells transfected with erythropoietin cDNA containing 
the [Thr 125 ] mutation. Purified recombinant erythropoietin containing a mixture of isoforms were obtained using proce- 
dures described in Example 2 of Lai et al., syera, except that DEAE-Agarose chromatography is replaced by Q-Sepha- 
rose chromatography, is also shown in the left and right lanes of the gel. 

to Figure 10 shows a Western blot analysis of COS cell supernatants of recombinant human erythropoietin (rHuEPO) 
and selected analogs. The construction of the analogs is described in Example 6. Analogs N9. N14. N18, N19, N21 f 
N24 and N39 have at least one additional carbohydrate chain as evidenced by slower gel mobility. 

Figure 1 1 shows a Western blot analysis of COS cell supernatants of recombinant human erythropoietin and EPO 
N14 analog during N-glycanase digestion. Time points were taken at 0. 4, 12 and 45 minutes and after overnight diges- 

is tion. . 

Figure 12 shows an isoelectric focusing gel of EPO N14 analog isoform preparations. The low isoform pool con- 
tains EPO N14 analog having mostly 6-12 sialic acids per molecule, the medium isoform pool contains analog N14 hav- 
ing mostly 10-15 sialic acids per molecule, and the high isoform pool contains EPO N14 analog having mostly 12-17 
sialic acids per molecule. 

20 Figure 13 shows the pharmacokinetics of recombinant human erythropoietin, isolated isoform 14 and EPO N14 
analog (isoforms 15-17) after intravenous injection into rats. 

Figure 14 shows a cold displacement assay of 125 l labeled recombinant human erythropoietin binding to the eryth- 
ropoietin receptor in the presence of varying amounts of unlabeled rHuEPO. isolated isoform 14 or EPO N14 analog. 
Figure 15 shows a mouse hematocrit study comparing the activity of EPO N1 4 high isoform pool (0.036 and 0.0712 
25 HQ), isolated isoform 14 (0.036 and 0.0712 jig). EPO 177 low isoform pool (0.0712 *ig) and rHuEPO (0.071 >ig). 

Detailed Description of the Irrventipn 

The subject invention provides erythropoietin isoforms. The specific isoforms of erythropoietin obtained in accord- 
30 ance with the present invention, and their properties, may vary depending upon the source of the starting material. For 
example, the isoforms of urinary derived human erythropoietin are different than the isoforms of recombinant erythro- 
poietin. In a preferred embodiment, the invention relates to an erythropoietin isoform having a specific number (i.e. a 
fixed number greater than 0) of sialic acids per erythropoietin molecule, said number selected from the group consisting 
of 1-14. Advantageously said number is 9 t 10, 11. 12, 13, or 14. In another embodiment, said number is greater than 
35 14. advantageously 16-23. 

The term "erythropoietin isoform" as used herein refers to erythropoietin preparations having a single isoelectric 
point (pi), and having the same amino acid sequence. The term "erythropoietin", as used herein, includes naturally 
occurring erythropoietin, urinary derived human erythropoietin as well as non-naturally occurring polypeptides having 
an amino acid sequence and glycosylation sufficiently duplicative of that of naturally occurring erythropoietin to allow 
40 possession of in yjyQ biological properties of causing bone marrow cells to increase production of reticulocytes and red 
blood cells. 

It has been found that discrete isoforms of recombinant erythropoietin having the amino acid sequence of urinary 
derived human erythropoietin correspond to erythropoietin molecules having from 1-14 sialic acids, and each isoform 
present in purified recombinant erythropoietin has an in yjyo activity which is related to the number of sialic acids the 
45 isoform possesses. 

In a preferred embodiment, erythropoietin is the product of the expression of an exogenous DNA sequence that has 
been transfected into a non-human eucaryotic host cell, that is. in a preferred embodiment the erythropoietin is "recom- 
binant erythropoietin". Recombinant erythropoietin is advantageously produced according to the procedures described 
in commonly owned Lin U.S. Patent 4.703.008 hereby incorporated by reference. Recombinant erythropoietin can be 
so purified according to the general procedures described in Example 2 of commonly owned Lai et al. U. S. Patent 
4,667.016 hereby incorporated by reference, or alternatively according to the procedure described in Example 2 of Lai 
et al. wherein DEAE-Agarose chromatography is replaced by Q-Sepharose chromatography. 

Erythropoietin purified according to Example 2 of Lai et al. supra contains predominantly six isoforms when ana- 
lyzed by IEF. In addition, at least one additional isoform of greater acidity has been detected using the chromatographic 
55 procedures described in Exarrple 4. fjhis more acidic form, migrating at >14 sialic acids on an IEF gel may contain 
nonsialic acid negative charges as shown by the resistance of some of the charge to sialidase digestion). These iso- 
forms differ from each other by sialic acid content. As shown in the Examples, this is demonstrated by isolating 10 of 
these isoforms by preparative IEF and determining the sialic acid content of five of them. Of the isoforms assayed for 
sialic acid content, it is found that the five isoforms contained either 9. 10. 1 1 , 12 or 13 sialic acid residues. 
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There is a relationship between the relative in yjvfi specific activity of erythropoietin and number of sialic acid resi- 
dues per erythropoietin molecule from the isoforms 5 through 1 1 (each isofbrm is designated herein by the number of 
sialic acids per erythropoietin molecule). Isoforms 1 1 through 14 have approximately the same relative in Yjys specific 
activity. Isoforms 5-14 were assayed for in vivo activity by the exhypoxic polycythemic mouse bioassay and the amount 
of each isoform present is determined by Bradford protein assay, absorbance at 280 nm or by radioimmunoassay (RIA) 
for erythropoietin. RIA determinations (Egrie et al. Immunobiology 122, 213. (1986)), expressed as units/ml, are divided 
by 212,770 units/mg erythropoietin polypeptide, the average specific activity of purified erythropoietin as determined by 
RIA, to give protein concentrations of isolated isoforms or isoform mixtures expressed as mg erythropoietin polypep- 
tide/ml. As shown in the Examples, the relative la yjvQ specific activities increase step-wise from isoform 5 to isoform 
11 (see Table 2). 

The in yjyQ specific activities referred to herein are measurements of relative in yjys specific activities and are not 
measurements of absolute iQ yjvQ specific activities. For the purposes of this application, the specific activities are used 
only to compare relative activities of isoforms that have been assayed using the same assay, using the same conditions 
including the same internal standard, the same type of animals, having the same analysis of the data used to calculate 
specific activity, the same assay for determining protein content It is not intended that any in yjvfi specific activity value 
reported for any isoform represents an inherent or absolute value for that isoform. 

This invention also provides compositions comprising two or more erythropoietin isoforms. In one embodiment the 
compositions comprise a mixture of isoforms having greater than a predetermined number of sialic acids per erythro- 
poietin molecule, e.g. greater than 1 1 sialic acids per erythropoietin molecule, or greater than 12 sialic acids per mole- 
cule, e.g. a mixture of isoforms 12, 13 and 14. In another embodiment the compositions comprise mixtures of isoforms 
having a predetermined number of sialic acids per erythropoietin molecule, e.g. less than 12, but greater than 8 sialic 
acids per molecule as in, for example, a mixture of isoforms 9, 10, and 1 1 . The invention also provides for compositions 
of erythropoietin isoforms wherein the relative amounts of the isoforms are the same or different. For example, a mixture 
of isoforms 9, 1 0 and 1 1 could have the isoforms present in a variety of ratios such as 1 :1 :1 . 2:3:1 or 2020:1 . 

Advantageously, the compositions comprise mixtures of less than four isoforms, for example a mixture of isoforms 
11,12, and 13. or a mixture of 12 and 14, or a mixture of 7 and 13. 

In order to produce mixtures of erythropoietin isoforms. this invention also provides methods of isolating selected 
erythropoietin isoforms simultaneously. These methods include isolation of individual isoforms by techniques such as 
preparative isoelectric focusing or preparation of mixtures of isoforms having a predetermined number of sialic acids 
per molecule (for example, greater than 1 1 ) by techniques such as ion exchange chromatography or chromatofocusing. 
All of these techniques have as their basis the separation of proteins according to charge. 

In general, ion exchange chromatography and chromatofocusing involve application of either crude human eryth- 
ropoietin (cell conditioned media) or purified material to a column resin under conditions that permit binding of some or 
all of the erythropoietin isoforms to the resin. For crude erythropoietin preparations, it is preferable to apply the protein 
to the column at about pH 7 while for purified preparations the protein can be applied to the column at pH 7 down to 
about pH 4. After washing the column with buffer at about pH 4 t those erythropoietin isoforms that remain bound on the 
ion exchange column are eluted by increasing the pH and the salt concentration of the buffer or by applying a gradient 
of decreasing pH and increasing ionic strength at about pH 4. For chromatofocusing, the isoforms are eluted from the 
column by a gradient of decreasing pH or by washing the column with a high concentration of salt. 

In a preferred embodiment, individual isoforms are isolated using ion exchange chromatography. As an example, 
isoform 14 was isolated using ion exchange chromatography as described in Example 8. 

Also encompassed by the invention are certain analogs of human erythropoietin. As used herein the phrase "ana- 
log of human erythropoietin" refers to erythropoietin with one or more changes in the amino acid sequence of human 
erythropoietin which result in an increase in the number of sites for sialic acid attachment. Analogs are generated by 
site-directed mutagenesis having additions, deletions, or substitutions of amino acid residues that increase or alter sites 
that are available for glycosylation. Such analogs may have a greater number of carbohydrate chains than human eryth- 
ropoietin. 

The erythropoietin analogs of the present invention comprise an amino acid sequence which includes at least one 
additional site for glycosylation. Analogs having levels of sialic acid greater than those found in human erythropoietin 
are generated by adding glycosylation sites which do not perturb the secondary or tertiary conformation required for 
biological activity. Advantageously, the analog of human erythropoietin has 1 , 2 or 3 additional sites for N-glycosylation 
or O-glycosylation, resulting in the addition of 1 , 2, or 3 additional N-linked or O-linked carbohydrate chains. For exam- 
ple, a leucine at position 69 is replaced by an asparagine to give the sequence Asn-Leu-Ser. which serves as a fourth 
site for N-glycosylation. Such a change can commonly provide up to four additional sialic acids per molecule. Examples 
of changes that generate additional O-glycosylation sites are alanine at position 125 to threonine and alanines at posi- 
tions 124 and 126 to proline and threonine, respectively. Analogs may be constructed which have one or more addi- 
tional N-linked and O-linked chains, tor example, analogs N01 and N02 described in Table 6. As will be appreciated by 
those skilled in the art, the siijject invention includes many other analogs of human erythropoietin having additional 
sites for glycosylation. 
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Analogs having increased levels of carbohydrate attachment at a glycosylation Jjreateo 

1 ^e^Se rn^HicSon. The gtycosyiation sites may be T^^TT^l^^ ^ 
Carole analog N13 does not generate an additional carbohydrate cha.n even though a glycosylate atevras"* 0 . 
TceJSpS 88 H^ever. analogs N14 and N18. which have serine and valine residues, respectfully, substituted 
at position 87. have an additional carbohydrate chain at position 88. 

Also provided by the invention are analogs which have one or more amino acids extend^ from ^"Q^ 
nal eTJ erythropoietin and wherein the carboxy terminal extension provries at least one addrtonalc^^ 

"one embcxTrZ an analog was constructed by ^^"-J^-? Tt£££ZS^ 
gonadotropin (HCG) to the arginine residue at position 166 of I human erythropo tf n The HCG caiboxy termma. g 

chainf" hSeTsSuence Asn^-Ser^r substituted at various positions in the human e^ropoietin 
po^pS S create N,inSd sites or have serine or threonine .residues ^^^n^rb^rate 
Tow* K ita* those analoos which add at least one additional N-linked or one additional O-linked caroonyoraie 
dJ^it^TcSwt?^ chains simultaneously, as evidenced by the migration 

« 8D8 oris (Example 7) As can be appreciated from Tables 3-6. analogs having one or nx>readdrbonal sites for 
Snihydrate SSE^JELff^ in erythropoietin molecules having additional carbohyd^te cta^ 

substitution of threonine residues at positions 123 and 125 resulted in the 
wSESn while substitution of serine or threonine at «^P^*^^"^?£^St?!3S 
chains (see Table 4) However, substitution of asparagine residues at positions 30. 51. 57 69. 88. 89. 136 and 138 in 
£^«S^^an*^ acid sequence resulted in the addition of an N-linked chain at those ^ Thefusion 
of an HCG pofypSide fragment to the arginine residue at position 166 of human erythropoietn resulted in an erythro- 
r^oio*in fn«;inn molecule havina at least two additional O-linked carbohydrate chains. 

P *%E5£S2 f^Se prelent invention also encompass erythropoietin having an amino add mjmm 
whicMncTJ^^rrBngemen, of at least one site for glycosylate A arrangement of *Jg^£££ 
herein refers to the deletion of one or more glycosylation sites in human erythropoietin and addition of one or more non 
S £££ SSSi sites. Analogs R1 . R2 and R3 are examples of ^^^J^S- 
struct ed by deletion of the N-linked sites at positions 24. 38 or 83. respectively, and addition of an glinted £ «P™ 
ton 88. However, numerous other types of carbohydrate site rearrangements are possible and the resulting analogs 
may or may not have a greater number of glycosylation sites compared to human erythropoietin. 

AnalMS R1 R2 and R3 were analyzed for in yjye biological activity and the results shown in Table 7/The introduc- 
tion SSmcS at Asn 88 restored biological activity to erythropoietin having any one of the ttuee naturally 
£££ S££ £ d££ results inScate that the posHions o, carbohyo^ jchain . * erythropoietin may 
be changed in order to generate useful analogs without significantly affecting the biologica activity. ...... 

^ ToC^assedbythepresentirwention^ 

sites for N-linked and/or O-linked chains, analogs having a rearrangement of at least one at,a * m ^ rt ^J° r r ^^° 
hydrate chah analogs having one or more amino acids extending from the carboxy-termmal end of erythrc^brv 
p£!!l TSu ^mroLce changes into the human erythropoietin DNA sequence for the purpose of creating and 
altering attachment sites for carbohydrates are disclosed in Example 6. coni iance i e nroduced 

These ervthrcooietin analogs can be the product of expression of an exogenous DNA sequence, i.e.. proauceo 
J^SS DNA t^nology. or canbe synthesized products. An ^^^^DmoZ^s 
cDNA oenomic DNA or chemically synthesized DNA encoding an erythropoietin analog. Recombinart DNA plasmrts 
?2Z££S2Zi useful for I expression of saW analogs are also proved 
vector which is capable of expressing cloned DNA sequences in a eucaryotic host cell, partiatarty 
foVSoression in COS and CHO cells. Examples of such vectors include plasmids pEC and pDECA described in E»m- 
%ZZ specSon .The cultivation ofODS and CHO host cells expressing erythropoietin analogs was earned out 

^ZSSS^SE^ EE?**- from erylhropoietin ana.ogs are obtained using the methods 
descrtoS^^^ of human erythropoietin. These methods may include isoelectric focusing, n 

eSlngl d^matogr^y and chromatofocusing. Preferably, ion exchange chromatography is used to prepare «M- 
ualisoforms and mixtures of isoforms derived from erythropoietin analogs. „ Marirf u 
^SnTtoe3toer of carbohydrate chains on erythropoietin, and therefore the number of sialic acids per eryth- 
ss J^^e^T^^ properties such as increased solubinty. greater resistance to proteolysis, 
reduced immunoaenicity increased serum half-life, and increased biological activity. , .. .. 

^«ZSSST*SnCHO cells expressing erythropoietin analogs were analyzed tor in yjyob.olog.ca. actrvrty 
and ^ute sh^wnln Se 6. Severalanalogs tested had activity that was 3-fold or more higher than human «yft- 
enSoflS having an additional N-linked carbohydrate chain at either position 30 or 88 show 2- to 
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10 



15 



3-toW higher activity than human erythropoietin while analogs having additional 0-l.nked I cha,ns as a resuit of fus.on of 

human erythropoietin to the HCG polypeptide fragment have at least 2-fokJ higher artivrty. 

T J JrotaMoieBn analoos having additional carbohydrate chains were purified and isoform mixtures having differ- 
Two erythropoietin analogs r»ymg «Joii j -ja^p^/ao (EPO N14) analogs were separated 

ZnS inTaole 8 SSe "at EPO SlTTsoform frarf-ons having higher sialic acid content have a greater ,n 

^A^Tof high sialic acid isoforms of EPO N14 analog and recombinant human erythropoietin (isoforme ,9-14) were 
J?2 binding assays, pharmacokinetic experiments, and experiments to determine increase in hematocnt 
^S^Sm that there is a direct relationship between siaHc .add 
life and ability to increase the hematocrit of treated mice. Thus, as shown m figures 13. 14 and 15. EPO WA j«gh sialic 
ai islrmS had a significant* .onger in vivo half-life and promoted a greater > £""^^ a £ 
isolated isofoWuorrecornbiriarthurranerylhropoi^ 

85 T^JSSS?- the invention relates to mammalian (e.g.. Chinese Hamste, ^Ovary. ^« 
preferentially synthesize isoforms of human erythropoietin or erythropoietin anatogs . hJJJ •JgJ^^KS 
number of sialic acids per molecule, eg. greater than 10 sialic acids per >MJh qpM ^nolec ^J«^ N 
linked and O-linked oligosaccharides structures which can limit the sialic acid content of the molecule. ^ r "^J; 
etraantenn^rSr-brLhed) N-linked oligosaccharides most commonly provide four possible srtes tor s.ahc aod 
• a^^ 

agine-linked sites, commonly have at most only two or three sialic acids attached. °- ,,nk ^^J r ' d ^~T~™. 
pLde two sites for sialic acid attachment. Thus, erythropoietin ^"™*™^"J^« e ^eted £ 
mcdriuPfi nravided all three N-linked oligosaccharides are tetraantennary. Mammalian cell cultures are screeneoior 

^SSpfeSraCedd J^a*^«^^^ ta "* 

Galactose (Takeuchi et al. J. Biol. Chem. 2S. 3657(1988)). Typically the sialic acd in the a 2.3 linkage .s added to 
oaladose on Cmannose a 1 .6 branch and the sialic acfcl in the « 2.6 linkage is added to the galactose on the man- 
ttS^tZ**^ that add these sialic acids (6-ga.actoside -^^^^tSSSS!^ 
30 2.6 sialyltransferase) are most efficient at adding sialic acid to the mannose a 1 .6 and mamose « 1 .3 branches respec 

tiVel Dihydrofolate reductase (DHFR) deficient Chinese Hamster Ovary (CHO) cells are a commonly used host Mil tor 
the prXL of recombinant glycoproteins including recombinant erythropoietin. ^ £££ 
enzyme p-galactoside a 2.6 sialyltransferase and therefore do not add sialic «d nta «»^*J3* 
35 gosaccharides of glycoproteins produced in these cells. (Mutsaers et a.. Eur. J. B ochem. ^ 1 ^^SacS 
al J Chromatogr. 4QQ. 207 (1987)). Consequently, recombinant erythropoietin produced in CHO cells lacks sialic aoa 

in the 2 6 linkage to galactose (Sasaki etal. (1987). subs; Takeuchi etal. (1987). SUQIS)- . 

In anoth« embodiment of the subject invention, human erythropoietin or an erythropoietin analog is produced n 

CHOclte^ 

40 acid in a 2 6 linkage to galactose. The resulting isoforms will contain sialic acid having both a 2.2 and a 2.6 hntageeto 
gSct^e See Lee et I J. Biol. Chem. 264. 13848 (1989), hereby incorporated by reference, for a disclosure of tech- 
nini ioc fnr rreatina modified CHO cells or other mammalian host cells. 

" ^SeSe^% the invention are pharmaceutical compositions comprising a therapeutically effete 
amourt dT^te «Sorm or mixture of isoforms together with a suitable diluent, adjuvant and/or earner useful n 

arWfoaether vXa suitable diluent, adjuvant and/or carrier are also encompassed. A JhMpM^ 
amount" as used herein refers to that amount which provides therapeutic effect for a given condition and adm.n»n 
reTmen T^e administration of isoforms of human erythropoietin or erythropoietin analogs is preferab ly I W parenteral 
S The specific route chosen will depend upon the condition being treated. The administration of isoforms of 

so hu™ ^SnT^ropoietin analogs is preferably done as part of a formutotion conta,n,ng • 

such as humanserum albumin, a suitable diluent, such as a buffered saline solution, and/or a suitable adjuvant. The 
Sri do™ge wZ in amounts sufficient to raise the hematocrit of patients and will vary depending upon the sever- 
ity of the condition being treated, the method of administration used and the like. 

The Sowing examples are offered to more fully illustrate the invention, but are not to be construed as bmftng , the 

« scopethereS! Tne erySropoietin standard used in the jn yiyo bioassays errp.oyedin the Exa^les is acinar* 
ervftropoietinslandardthat was standardized agairet a partially purHied urinary er^ 

a ive Two specific activities are being measured. Also the in yjve specific artmt.es are expressed in unrts/ml 
CJmg^nTun^eo" and not as "lU/mT. "lU/mg" and 1WW because the erythropoietin standard employed has 
not been directly correlated to any existing international standard. 
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F»amnle 1: Isola tion of Recombinant Frvthropoietin Isotorms 

Recombinant erythropoietin is produced as described in Un. m Recombinant erythropoietin used as starting 
material for the first and third isotorm isolations is purilied according to the procedure described hi Example 2 rt com- 
( monly owned Lai et al.. supra. Starting material tor the second and fifth isotorm isolation « punfied accord, ngto La. et 
al. supra using the modification of Q-Sepharose chromatography. These preparations contain a mature of setomv of 
recombinant erythropoietin having the same amino acid sequence as urinary derived human ^W**" a ^"*' n 
predominantly isotorms 9 to 14. Starting materia) for the fourth isotorm preparation is the material which eWesd U „„g 
the 5 mM acetic acid/1 mM glycine/6M urea wash of the anion exchange column in Example 2 of Lai et al. This fraction 
10 contains isotorms with less than or equal to 9 sialic acids and was further purified by gel filtration *™™!°S ra P£j ■» 
described in Example 2 of Lai et al. prior to use in the preparative isoelectric focusing procedure. The six* .soform 
preparation used as its starting material a purified preparation of recombinant erythropoietm having from 4 to 13 sialic 
residues. This material was purified as per Example 2 of Lai et al. except for a modification to the ion «*ange c^rnn 
(elution of the recombinant erythropoietin with a sodium chloride gradient at pH 8.4 and om.ss.on of the acetc acid/urea 
is wash) which results in retention of most of the isotorms present in the starting material. 

Six different preparations of individual isotorms are carried out by preparative isoelectric focusing * i a fj™uMed 
gel bed (UKrodex, LKB) essentially as per LKB Application Note 198. Pharmalyte (Pharmacia) 2.5-5 ampholytes (Phar- 
macia) are used and the gel bed contains 5 M urea. „:w«>/ inn 
In the first preparation, approximately 20 mg of recombinant erythropoietin in 6.8 ml cfi 20 mM sodium otmtaMOO 
mM sodium chloride. pH 7.0 are applied to the gel and focused at 8 watts tor approximately 16 hours. After isoelectric 
focusing, the isotorm bands in the gel are visualized by a paper contact print of the gel bed. The print is made and then 
fixed by soaking in 3 changes (approximately 10 minutes each, room temperature) of fixing solution (40% metha- 
nol/10% acetic acid/10% TCA/3.5% sultosalicylic acid), subjected to one change (approx.mately 10 minutes) of 40% 
methanol/10% acetic acid (30-60'C). stained for 15 minutes at 60°C in 0.125% Coomassie Blue R-250/40% metha- 
nol/10% acetic acid, and then destained in 7.5% methanol/10% acetic acid in order to visualize the separated isotorms. 
The region of the granulated gel bed containing the isotorms (-50% of the resin) is removed, water is added(-16i ml), 
and the slurry is poured into a 5.5 x 24.5 inch tray and evaporated to -40 g net weight. This preparation is focused I for 
a second time and a contact print of the gel bed is made as before. The portion of gel containing each of the six dK- 

cernible isotorms is removed from the gel bed. . eaHHaHln 

In order to elute the isotorms from the gel. a solution containing 10 mM Tns-HCI. pH 7.0/ 5 mM Chaps is added to 
each isoformto generate a slurry. The slurries are placed in small columns and washed with the Tns-Chaps buffer. The 
flow throughs are collected and applied separately to small columns (open column configuration) containmg Vydac C4 
reversed phase resin equilibrated in 20% ethanol/10 mM Tris-HCI. pH 7.0. The columns are developed stepw.se wtfi 
20% ethanol/10 mM Tris-HCI, pH 7.0. 35% ethanol/10 mM Tris-HCI. pH 7.0. and 65% ethanol/10 mM Tns-HCI. pH 7.0. 
The fraction eluting at 65% ethanol/10 mM Tris is diluted 1 :1 with 10 mM Tris-HCI. pH 7.0 and subjected to concentra- 
tion and then buffer exchanged to 10 mM Tris-HCI. pH 7.0 using a Centricon-10 (Amicon) microconcentrator. Analytical 
isoelectric focusing of this preparation is performed essentially as described in LKB technical note 250 using Servalyte 
3-5 ampholines (Serva) in a polyacrylamide gel containing 5 M urea. , : . . ^ ara 

In a second preparation, approximately 26 mg of recombinant erythropoietin in 6.5 ml of de.on.zed water are 
applied to the gel and focused at 2.5 watts tor 35 minutes and 10 watts tor approximately 17 hours. The bands of 
focused protein, which are visible in the gel bed. are removed as 1 1 different pools. Each pool is brought to .about 7.5 
ml with deionized water and 20 ml of each of the resulting pool supernatants is subjected to analytical isoelectric focus- 
ing as described above. To each of the pools is added 5 ml of 1.5 M Tris-HCI. pH 8.8 and the slurries are each placed 
in small columns and the liquid phase allowed to flow through. The resin is washed with approximately three volumes 
of 0 5 M Tris-HCI. pH 7 and the rinse solution is combined with the flow through. The eluants are concentrated and 
buffer exchanged to 20 mM sodium citrate/ 100 mM sodium chloride. pH 7.0 using Amicon disposable ultrafiltration 
devices having a 10,000 dalton molecular weight cutoff. The concentrated solutions (approximately 0.5 ml) are then 
passed through a 0.22 micron cutoff cellulose acetate filter. Based upon analytical isoelectric focusing, five pools are 
found to contain predominantly the single isotorms 10. 11.12. 13and14. 
so In a third preparation, approximately 30 mg of recombinant erythropoietin in 21 .8 ml of distilled water is applied to 
the gel and focused at 2 watts for 25 minutes. 10 watts for 20 hours and 15 watts for 15 minutes. Protein bands cone- 
sponding to the individual isotorms are observed visually and removed from the gel bed. Distilled water is added to gel- 
isolated isotorms to generate a sluny and the resulting supernatants are analyzed by analytical isoelectric focusing. An 
equal volume of 1 M Tris-HCI. pH 7.2 is added to each slurry, the suspensions are placed into separate small columns, 
ss and the liquid phase is allowed to flow through the column to elute the isotorms. Each f tow through is concentrated ana 
buffer exchanged to 20 mM sodium citrate/ 100 mM sodium chloride. pH 7.0 using Amicon disposable ultrafiltration 
devices having a 10.000 dalton molecular weight cutoff. An analytical isoelectric focusing gel revealed that pools con- 
taining predominantly the single isotorms 9. 10. 11. 12. 13 and 14 were obtained. 

A fourth isotorm preparation used as its starting material erythropoietin containing isoforms 3-9 (prepared as 
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described above). Prior to preparative isoelectric focusing carried out essentially as described for preparations 1-3 
above, the ampholytes (Pharmalyte 2.5-5) were pre-fracBonated in a Rototor (Bio-Bad, Richmond, CA) liquid P^^' 60 " 
electric focusing cell to yield an ampholyte range more suitable forthe lower isoelectric points erf the. starting matenal 
The prefractionation was carried out by mixing 6.7 mL of Pharmalyte 2.5-5 with 15 g of urea and adding purified water 
, to bring the volume to 50 mL This mixture was fractionated in the Rotofor at 10 Watts. 1-C. for 5 1/21 hour usmg £1 M 
phosphoric acid and 0.1 M sodium hydroxide as the anolyte and catholyte, respectively. The ampholyte fractions having 
measured pHs of between 4.5 and approximately 6 were used in the flat-bed isoelectric focusing. 

Ampholytes were removed from the isoforms using a Centrieluter (Amicon. Danvers. MA) and a 10 000 MW cutoff 
CenSn (Amicon) using the following parameters: 0.18 Tris buffer pH 8.8. 100 Volts. 25-30 mA. for 3 hours. The .so- 
re forms were then buffer exchanged into 0.1 M sodium chloride by gel filtration using Sephadex G-25 (P ^^> ^- 
lytical isoelectric focusing of the five resulting pools showed them to contain isoforms 4.5.6.7. and 8. Isoform 4 ran as 
several bands, indicating that it may have undergone some degradation. 

The fifth isoform preparation was modified by the addition of a pre-focusing step to the flat bed isoelectric focusing 
procedure. In this modif ication, the protein was not added to the ampholyte/urea/gel mixture prior to electrophoresis but 
is was added to the isoelectric focusing apparatus following generation of the pH gradient in the gel bed. Fdlcwmg prefo- 
cusing for 75 minutes (1500 volt-hrs) the section of gel bed from 2.25-4.25 cm from the cathode was removed, mixed 
with the erythropoietin solution, and added back to the gelbed. Following isoelectric focusing, isoforms 10,11,12.13 and 
14 were eluted from the gel bed and separated from the ampholytes by ultrafiltration using Centricon-10 (Amicon) 

to The pre-focusing modification was undertaken to make the ultraviolet absorbance characteristics of the isoform 
preparations more similar to that of the starting recombinant erythropoietin. This improvement in spectral characteris- 
tics can be seen in the ratio of absorbance at 280 and 260 nm for the isolated isoforms. The average rate ' ^crt a "° e 
at 280 nm to that at 260 nm {Azeol^eo) tor isoforms from preparations 2 and 3 (non-prefocused) is 1 .36 ± 0.1 1 while 
the average ratio fTp^pSons 5 and 6 (pre-focused) is 1.68 ± O20. When isoforrr , #14 is «^dftom 

25 the calculation, the average Aaso/A^o ratios are 1.3910.11 and 1.74±0.09for preparations 2 & land IS &6 espec- 
trvely. (Isoform 14 may have the most atypical spectrum because it is present in the smallest amounts and is thus more 
subject to interferences by trace contamination by ampholyte components or because it is nearest to the electrode dur- 
ing the flat bed isoelectric focusing procedure). The average A^A^ ratio for recombinant erythropoietin prepared 
according to Example 2 of Lai et al. (modified as described earlier by using Q-Sepharose as the anion exchange resin) 

18 1 ' As described above, the starting material for isoform preparation #6 was a recombinant erythropoietin preparation 
containing isoforms 4-13. The ampholytes were pre-focused in the Rotofor apparatus as per the fourth preparation. 
Ampholyte fractions having measured pHs of between 3.7 and 4.8 were used for the flat bed isoelectric focusing. The 
flat bed was pre-focused as in run #5 and isoforms 9.10.1 1.12 and 13 were obtained after ultrafiltration (Centr.con-10) 
as to remove carrier ampholytes. 

p y f .mpiP •>■ Sialic Acid C n nisnt of Recombinant Erythropoietin Isoforms 

The isoforms isolated as described in Example 1 and erythropoietin purified according to procedures described in 
40 Lai et al.. fiucta (mixture of isoforms 9 to 14) are buffer exchanged into 0.10-0.15 M sodium chloride and analyzed for 
sialic acid content by a modification of the procedure of Jourdian et al. J. Biol. Chem. 24fi. 430 (1971). The sialic acid 
residues are cleaved from the glycoproteins by hydrolysis with 0.35 M sulfuric acid at 80«C for 30 minutes and the solu- 
tions are neutralized with sodium hydroxide prior to analysis. In order to estimate the amount of erythropoietin protein 
present a Bradford protein assay (Bradford Anal. Biochem. 72, 248 (1976)) using recombinant erythropoietin having 
45 the amino acid sequence of human erythropoietin as standard is performed using the assay reagents and the micro- 
method procedure supplied by Bic-Rad. The results, expressed as moles of sialic acids per mole of erythropoietin are 
shown in Table 1. Isoforms are designated according to the number of sialic acids per molecule and range from least 
acidic (Isoform 9) to most acidic (Isoform 13). Isoforms 9-13 are shown in gel lanes 6-10 of Figure 1 . Quantities of Iso- 
form 14 are insufficient to accurately measure the sialic acid content. The sialic acid content of this isoform « inferred 
so from its migration on IEF gels relative to other isoforms. The sialic acid content of isoforms 5-8 (preparation #4) has not 
been measured but is likewise inferred from their migration on IEF gels. 
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TABLE 1 



ERYTHROPOIETIN 
ISOFORM 


MOLES SIALIC 
ACID/MOLE ERYTHRO- 
POIETIN 


Isoform 13 


12.910.5 


Isoform 12 


11.8±0.2 


Isoform 1 1 


11.0±0.2 


Isoform 10 


9.8 ±0.3 


Isoform 9 


8.9 ±0.6 


Isoform Mixture (9-14) 


11.3±0.2 



SO fvamole 3: Acti vity oi Recomfrirffnt Erythropoietin Isoforms 

The isoforms isolated as described in Example 1 are assayed by absorbance at 280 nm, by Bradford protein assay 
and by RIA tor erythropoietin to determine the amount of recombinant erythropoietin present. The exhypoxic poly- 
cythemic mouse bioassay (Cotes et al. Nature m 1065 (1961)) is used to determine the relative in yM biological 
a activity. Quantitation of the amount of erythropoietin protein present using a radioimmunoassay for erythropoietin pro- 
duced results having higher relative in yM specific activity tor certain isoforms because of an apparent decreased 
immunoreactivrty of isoforms containing large amounts of sialic acid leading to an underestimation of the erythropoietin 
concentration and thus an overestimation of the relative in yM specific activity for the most negative isoforms. Mouse 
bioassay determinations, expressed as units/ml. are divided by the corresponding protein concentrations to give in yjyfl 
so specific activities expressed as units/mg erythropoietin polypeptide. These specific activities are shown in Table 2. 

In Table 2. *n" is the number of independent isoform preparations which contribute to the specific activity value. In 
most cases several in yM assays were performed on each isoform preparation. The same in yM data contribute to the 
specific activity calculations for all three columns, units/mg erythropoietin polypeptide was determined by the absorb- 
ance at 280 nm. from radioimmunoassay potencies, or from Bradford protein assay results. Purified recombinant ^eryth- 
35 fopoietin containing isoforms 9-14 was used as the standard in the Bradford protein assay, "n" may be less for the 
calculation made using the Bradford protein assay as some preparations were no longer available at the time the Brad- 
ford assays were performed. ^ . . 

Erythropoietin purified according to the procedures described in Lai et al.. SUBS and containing a mixture of iso- 
forms 9 to 14 is used as a standard for the RIAs and in yM assays. 
40 The relative specif ic activities expressed as units/mg erythropoietin polypeptide can be converted to units/A 280 oy 
multiplying by 0.807 mg erythropoietin polypeptide/A 280 . The conversion factor is derived by multiplying the extinction 
coefficient of erythropoietin (1.345 mg/A;> 80 ) by the protein content of the erythropoietin glycoprotein (about 60% by 
weight Davis et al. Biochemistry 26. 2633 (1987)) to obtain mg erythropoietin polypeptide/Azeo (i.e.. 1 .345 mg erythro- 
poietin/Aoao x 0.60 mg polypeptide/mg erythropoietin = 0.807 mg polypeptide/A^). In addition, specific activities 
45 expressed as units/mg erythropoietin polypeptide can be multiplied by the factor 0.60 mg polypeptide/mg erythropoietin 
glycoprotein to give specific activities expressed as units/mg erythropoietin glycoprotein. 
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TABLE 2 



Isoform 


U/mG Polypeptide (Brad- 
Tora rrotein Mssay; 


n 


U/mG Polypeptide (From 
A280) 


n 


U/mo rOiypepxKje irrum 
RIA) 


pi 




9«q Ann + ^ 1 00 


2 


205.800137,700 


2 


366,700 1 55,900 


2 


HQ 
10 


qa7 Ann + ^n ^nn 


4 


258.700 1 59.500 


5 


337,200 1 40,200 


5 


12 


275.200155.600 


4 


258.400141.700 


5 


287,700142,600 


5 


11 


282.700 + 41.100 


3 


255.800167,300 


4 


251,400 1 62,700 


4 


10 


188.00011.900 


1 


170,300134.500 


3 


171,900 1 31,600 


3 


9 






96.600146.700 


2 


113,600 1 39,600 


2 


8 


65.20013.800 


1 


70.60014,100 


1 


61,000 1 3.500 


1 


7 


46.20015.800 


1 


50,30016.300 


1 


42,800 1 5,400 


1 


5 


16.60011.700 


1 


18,30011.900 


1 


15,50011,600 


1 



The data in Table 2 are also presented graphically in Figures 2A. 2B and 2C. These data show that the relative in 
viva activity of erythropoietin increases as a function of sialic acid content up until isoform #11. Isoforms 11-14 have 
essentially the same relative ® vivo bioactrvity. (This is most apparent when the concentration of isoform 14 .s 
expressed using the Bradford assay value. The Bradford value may be more accurate for isoform 14 because of the 
generally low levels obtained and the resulting difficulty in determination by A 280 and the most apparent decreased 
reactivity in the RIA of very negative forms discussed previously). The greater relative in vivo specific activity of eryth- 
ropoietin isoforms having more sialic acid is most likely due to a longer circulating half-life of these forms, soforms 9 
and 13 were labeled with radioactive iodine ( 125 1) and their rate of clearance in rats was determined. The half-life in cir- 
culation was significantly longer for isoform 13 than for isoform 9. 

Example 4: Select™ nf Recombina n t Frvthmnoietin Isoform Mixtures by O-Rppharose Chromatography 

Cell conditioned media from the production of recombinant erythropoietin according to the procedures described 
in Lin. supra are concentrated and diafiltered against 10 mM Tris. pH 7.2. Protein concentration is determined by the 
Bradford microprotein assay using bovine serum albumin as a standard. 1 9.6 ml of the solution contam.ng 40 mg of total 
protein is made 20 uM in CuS0 4 . f iflered through a 0.45 micron cutoff f ilter and loaded onto a 4 ml bed volume ( .05 cm 
height x 2.2 cm diameter) column packed with Q Sepharose Fast Flow (Pharmacia) which has been equilibrated with 
1 0 mM Tris pH 6 8 to 7.0 at 4«C. After sample application, the column is washed with two column volumes of the same 
buffer. The'column flow rate is about 1 ml/min. Six separate columns are set up using this procedure to select defined 
erythropoietin isoform mixtures. 

Columns are washed with 6 to 9 column volumes of a low pH buffer consisting of: Column #1 . 150 mM acetic acid. 
1 mM glycine. 20 ]M CuS0 4 . 6 M urea adjusted to pH 4.7 with NaOH; Column #2. 200 mM acetic acid. 1 mM glycine. 
20 uM CuS0 4 6 M urea adjusted to pH 4.7 with NaOH; Column #3. 250 mM acetic acid, 1 mM glycine. 20 >iM CuS0 4 , 

6 M urea adjusted to pH 4.7 with NaOH; Column #4, 300 mM acetic add. 1 mM glycine. 20 uM CuS0 4 . 6 M urea 
adjusted to pH 4.7 with NaOH; Column #5. 150 mM acetic acid. 1 mM glycine. 20 uM CuS0 4 . 6 M urea; Column #6. 
300 mM acetic add. 1 mM glycine. 20 uM CuS0 4 . 6 M urea. The pH of the columns is increased to approxinwtely pH 

7 by washing each one with 8 to 1 1 column volumes of 10 mM Tris-HCI. 55 mM NaCI. 20 uM CuS0 4 . pH 7 The defined 
erythropoietin isoform mixtures are eluted from the columns by washing with 10 mM Tris-HCI. 140 mM NaCI. 20 )M 

CuSO 4 .pH7.0. _ . 

The eluted isoform pools from each column are concentrated and solvent exchanged into water using an Amioon 
Cerrtricon-10 microconcentrator. The results of analytical isoelectric focusing of these concentrated pools are shownin 
Figure 3 Gel lanes 1-6 represent defined erythropoietin isoform mixtures eluted from column 1-6. respectively. The 
"isoform mixture" shown in the far right gel lane of Figure 3 represents cell media which is applied to a Q-Sepharose 
column as described above, the column is washed with 5 mM acetic add. 1 mM glycine. 20 |iM CuS0 4 . 6M urea, and 
the erythropoietin isoform mixture is eluted from the column using the procedures described above. This eluted mixture 
of iscforms is further purified acceding to the procedures described in Lai et al.. sum prior to analytical isoelectnc 
focusing. 
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Example 5: Pronation of R e ^mhinant Erythropoietin Isoforms Using a Low pH Gradient on O-Sepharose 

In another procedure, erythropoietin isoforms are separated using a gradient of decreasing pH and increasing ionic 
strength. The concentrated diaf iltered erythropoietin containing media is loaded to a column of Q-Sepharose at a <at.o 
of approximately 40 mg total protein/mL gel. The column is then washed with approximate y two column volumes of 10 
mMTris HQ pH7 0 and then approximately 10 column volumes of 2 mM acetic actd/1 mM glyc.ne/20 »iM CUSO4/6 M 
urea (pH approximately 4.8) to remove contaminating proteins and erythropoietin isoforms containing less ^ approx- 
imate? 7 c sialic acid residues. Isoforms containing from approximately 8 to approximately 12 sialic aods are eluted from 
the column using a gradient starting at approximately 2 mM acetic acid in 6 M urea/1 rnM glycine^ pM CUSO4 and 
running to 40 mM acetic acid/6 M urea/1 mM glycine/20 jlM CuS0 4 (pH approximately 4). The total volume of tine gra- 
dient is approximately 40 column volumes and fractions of approximately one column volume each are collected into 
vessels containing a volume of Tris buffer suff icient to bring the pH into the range of 6-8.5 so as to avoid long term expo- 
sure of the collected fractions to low pH. Aliquots of the fractions are subjected to analytical isoelectric focusing to mon- 
itor the separation. Figure 4 shows the separation of isoforms 8-1 1 which may be achieved by this procedure. Isoforms 
12-14 which remain bound to the column at the end ol the gradient are eluted by washing wrth a buffer consisting of 10 
mM TrisHCI. 140 mM NaCI. 20 mM CuS0 4 (pH 7.0). The isoforms (separated during the gradient ° r elut «^ ™ 
sodium chloride solution) are freed of contaminating proteins by reverse phase chromatography followed by gel f .Itration 
chromatography as described in Example 2 of Lai et al. 

fvample 6: Co nstruction of Human Erythropoietin Analogs 

The locations of existing carbohydrate attachment sites within the human erythropoietin amino acid sequence are 
shown in Figure 5 (SEQ ID. NO: 26). Procedures tor generating additional glycosylation sites tor erythropoietin are sum- 
marized in Figures 6A-C and described below. 

The following oligonucleotide primers were synthesized for use in in yjUg mutagenesis: 

[Asn 4 Ser 6 ] EPO- 5' CGCCCACCAAACCTCAQSTGTGACAGCCGA 3" (SEQ ID NO: 1) 
[Asn 9 ' Ser 11 ) EPO: 5' ATCTGTACAAfiCGAAfiCCTGGAGAGGT 3' (SEQ ID. NO: 2) 
[Asn 69 ] EPO: 5' GGGCCTGGCCAAfiCTGTCGGAAG 3'(SEQ ID. NO: 3) 
[Asn 124 ] EPO- 5" TCCCCTCCAGATAATGCCTCAGCTGC 3* (SEQ ID. NO: 4) 
IAsn 125 Ser 127 ] EPO: 5' CAGATGCGMCTCAIfilGCTCCAC 3' (SEQ ID. NO: 5) 
Asn 163 Ser 165 ] EPO: 5' AGGCCTGCAGGAAIGGGASCAGATGACCAGGTG 3' (SEQ ID. NO: 6) 
[Thr 125 ] EPO: 5' TCCAGATGCGACCTCAGCTGCTC 3' (SEQ ID. NO: 7) 
[Pro 124 . Thr 125 ] EPO: 5' CCTCCAGATCCGACCTCAGCTGC 3' (SEQ ID. NO: 8) 

The underlined codons show the mismatched regions where the amino acids indicated in brackets replace the wild- 
type amino acid* ^ ^ constructed to add an N-glycosylation site at Asn 4. [Asn 9 , Ser 11 ] EPO was constructed to 
add an N-glycosylation site at Asn 9. [Asn 69 ] EPO was constructed to add an N-glycosylation site > atAsn 6<MAsn . 
Ser 127 ] EPO was constructed to add an N-glycosylation site at Asn 125. [Thr 12 *] EPO and [Pro 1 ", Thr 12 *] EPO were 
constructed to add an O-glycosylation site at Thr 1 25. 

The following oligonucleotide primers were synthesized tor use in in v&rs mutagenesis: 

[Asn 69 Thr 71 ] EPO: 5" GGGCCTGGCCAACCTGACAGAAGCTGTC 3 1 (SEQ ID. NO: 9) 
Ser^Asn 69 . Thr 71 ] EPO: 5' CAGGGCCTGTCCAAGCTGACAGAAGCTGTC 3' (SEQ ID. NO: 10) 
[Asn 125 Thr 127 ] EPO: 5' CAGATGCGAAfiTCAACQQCTCCAC 3' (SEQ ID. NO: 11) 
Asn 125 ' Thr 127 Thr 131 ] EPO: 5'ATGCGAACTCAACQSCTCCACTCACAACAATCACT 3' (SEQ ID. NO: 1 2) 
[Pro 124 Asn 125 ' Ser 127 ] EPO: 5' CCAGATC^AMTTCAISIGCTCCACTC 3' (SEQ ID. NO: 13) 
[Pro 124 * Asn 125 ' Thr 127 ] EPO: 5' CCAGATC^AMTTCAACAGCTCCACTC 3' (SEQ ID. NO: 14) 
[Thr 125 .' Thr 126 ] EPO: 5' CCAGATGCGA£AAQAGCTGCTCCA 3' (SEQ ID. NO: 1 5) 

Pro 124 Thr 125 Thr 126 Thr 131 ] EPO: Starting from [Pro 124 . Thr 125 ] EPO cDNA. the oligonucleotide primer 5 
AGATCCGACCACCGCTGCTCCAC 3 1 (SEQ ID. NO: 16) is used to generate [Pro 124 . Thr 125 . Thr ] EPO. The oli- 
gonucleotide primer. 5TGCTCCACTCAQAACAATCACTG 3' (SEQ ID. NO: 17) is then used to generate [Pro . 
Thr 125 . Thr 126 . Thr 131 ] EPO. 

fAsn 69 Thr 71 ] EPO and [Ser 68 . Asn 69 , Thr 71 ] EPO are constructed to add an N-glycosylation site at Asn 69 and to 
enhanS N^cJyTatfon at that srte. [Asn 126 . Thr 127 ] EPO. [Asn 126 . Thr 127 . Thr 131 ] EPO. [Pro 124 . Asn" 6 . Ser *] EPO 
and (Pro 124 Asn 125 Thr 127 ] EPO are constructed to add an N-glycosylation site at Asn 125 and to increase glycosyla- 
tion at that site. [Thr 125 , Thr 126 ) EPO and [Pro 124 . Thr 125 . Thr 126 . Ser 131 ] EPO are constructed to add an Oijlycosyla- 
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tion site at Thr 125 and to increase glycosylatton at that Bite. . Q 

The source of erythropoietin DNA for in yjtrg. mutagenesis was plasmid Hu13. a human er ythropo.et.nj done 
in oUC 8 (Uw^lal ^c Natl Acad. Sci. SS. 6920 (1986)). Plasmid DNA derived from Hu13 was digested wrth BstEM 
and Bom e^ on en^rnes the resulting DNA fragments were subjected to agarose gel electrophores*. and the 810 
^^mXS^ DNA f ragment was isolated from the gel using a GeneClean™ kit and procure* ,sw*ed 

ment inserted into a derivative of pBR322. as described in commonly owned Lin patent, suets, P B *9 HuE ™ " 8S *" 
dS 2 w^h Sen and b\|I. and the 6517 bp vector fragment was recovered. Ligation of the two fragments > resorts m 
IGT To constnS pEC-1 pDSVL (described in commonly owned Un patent. sum and shown .n Figure 5B) was 

'^olto generate single-stranded DNA for in mutagenesis. pEC-1 was digested wij BamH. and Bg.M and 
the 820 bo erythropoietin cDNA fragment was isolated. H was ligated into the BamHI site of m13mp18 to g.ve m13 EC^ 
?w£255£L recovered from supernatants of E- soli »^£^£ZZ 
bv Kunkel et al Methods in Enzymol. 154. 367 (1987) and Messing. Methods in Enzymol. Ifll. 20 (1983). For m yjtje 

weSS^^ 

to the temp.ate. the reaction volume was adjusted to 1 0 pi with water, the modure was heated to 65 i C for 5m jutes and 
then allowed to cool to room temperature. For the elongation reaction 2.5 |il of each of dTTP, dATP. dGTP : OOir ana 
ATTS ^O ^e^ed. Slowed by 1 p. (1 unit) of E. £Oti DNA polymerase J"™*^^^ 
of T4 DNA ligase. The mixture was then incubated overnight at 14-C and used to transform E. coh JM 109 (Yan.sch 
pprronetal Gene 33 103 (1985)) as described (Messing, sUBia)- _ ^ ... 

P6rr0 T «e^^^^^ 

ters (New England Nuclear). The filters were dried under a heat lamp and then incubated fo one hour " SSC con 
EST* SI at 60-C . For the hybridization, the o.igonucleotkie primer above (8 pmo.es) ^as jMM^ 
nolvnucleotide kinase and y ^P-labeled ATP and incubated with the filters overnight in 6x SSC. 0.5% SDS and 100 
STJa^n sd^ m DNA at 37-Ctor the [Asn 1 «] mutation. 55'C for the [Asn'. Serf] mutation. 65'C for the [Thr 1 *] 
P™"< ^wCuSS.s and 70'C for the [Asn*. Ser"] and [Asn^. S er«*] mutation*. The next day. the - 
ters wae washed three times with 6x SSC at room temperature and subjected to autoradiography. If necessary, the fil- 
ters were men washed wHh6x SSC at increasing temperatures until little or no hybridization was ^detected I to plaques 
having Z 2Z* erythropoietin cDNA sequence. Cones that gave positive hybridization signals under these cond, 
ttons^ 

indicated that the mutations to asparagine, serine threonine and protine residues wj"»£«wt 12 . 127 

Double stranded m13 EC-1 DNAs carrying the (Asn 4 . Ser 6 ]. [Asn 9 . Set") JAsn 69 ]. [Asr. J. [Asnjl [Ser ] 
IA sn«3 Series, r^ias, and pio i24 c^ges were recovered from JM109 transacted cete by he bojng 

Siodmlei eta.. Ana. Btochem Ul 193 (1981)). The DNAs were digested with BstEII and Xhol. and the 810 bp 
S^in DNA fragments were isolated. pEC-1 was digested with BstEII followed by a partiah *^***g 
arTthe 5' termini of the resulting fragments are dephosphorylated wrth bacter.ah alkaline pho *hatas «r 10 mM T£ 
pH 8 at 60'C for 60 minutes. The 7 kb vector fragment lacking the 810 bp BstEII-Bglll fragment was isolated and ligated 
fragments above. The resulting plasmids (designated pEC-X where X + tine analog number) con- 
tain DNA encoding erythropoietin analogs having altered amino acid resdues at the indicated Prions. 

Alternatively, an analog* erythropoietin (pEC34) was constructed ^^^^^^^^ 
residues 41-55 This resulted in a smaller (775 bp) EPO containing BstEII-Bg1 II fragme*. Ja fragment was inserted 
into pEC1 as described above. For cloning analogs of erythropoietin. pEC34 was digested with BstEII. 
w» Bgl II dephosphorylated and the vector isolated as described above. The 7kb vector fragment was then hgatec Uo 
r lropo etin Serrts as described above. Cloning wrth pEC34 allows easy discrimination between recomb.nante 
SerSres. Reclosures result in a smaller BstE.I-Bg1 II fragment than analogs and these can be easily dif- 

'"t^g^ 

sequence changes for each of the analogs are shown; otherwise the oligonudeotide primers used for mutagenesis had 
sequences complimentary to those of human erythropoietin. 
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TABLE 3 

ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR N-L INKED CARBOHYDRATE CHAINS 



to 



is 



20 



25 



30 



35 



40 



45 



50 



N2 

N3 

N4 

N5 
N6 

N7 
N8 

N9 

N10 
Nil 

N12 

N13 

N14 

N15 



Amino Acid 
^institution 




Asn^Seri 1 

Asnl9Thr2i 

Asn3°Thr32 

Asn<2 
Ser«2Asn43Thr<5 



Ser49 
Asn5iThr53 

Asn5 7 Thr59 

Asn 69 
Asn^Thr™ 

Ser68Asn69Thr"»i 

Asn88Thr90 
Ser 87 Asn 88 Thr9° 
Ser87AsnB8Thr90Thr92 



Sequence 
Changes 

CGC->AAC 

ATC-»AGC 

AGC-»AAC 

GTC-»AGC 

GCC->AAC 

GAG— >ACG 

GCT-»AAT 

CAC-+ACG 

CCA-»AAT 

CCA-»TCA 

GAC-*AAC 

AAA-*ACA 

TAT-*TCT 

TGG— *AAT 

AGG— »ACG 

GGG— >AAC 

CAG-*ACG 

CTG-»AAC 

CTG-»AAC 

TCG-*ACA 

Nil plus 
GCC-»TCC 
TGG— »AAT 
CCC-»ACC 

N13 plus 
CCG-»TCG 

N14 plus 
CAG-4ACG 



55 
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10 



15 



20 



Analog 
No. 
N16 



N17 
N18 



TABLE 3 (CONT'D) • 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR N-LINKED CARBOHYDRATE CHAINS 

Sequence 
Chances 
N14 plus 
AGG-+GCG 

TGG— »AAT 

CCC-»TCC 



N19 



30 



35 



AO 



45 



50 



N20 

N21 
N22 
N23 
N24 

N25 
N26 

N27 

N28 



Amino Acid 
Substitution 
"ser87Asn8ttThr90Alai62 



Asn88Ser*0 



Val8 7 Asn88Thr90 



Ser87Asn88GlyB9Thr90 



Asn89lle90Thr9i 



S er87Asn89Ile9°Thr9i 



Asnli3ThrH5 



Asn ii8vali 21 



Asnl2iSerl22Thrl23 



Asni24 
Seri22Asni24 

Asni25 S eri27 

AsnI25Thrl27 



CCG-*GTG 
TGG— *AAT 
CCC-»ACC 
CCG-*TCG 
TGG— >AAT 
GAG— >GGG 
CCC-»ACC 
GAG— >AAC 
CCC->ATC 
CTG-*ACG 

N20 plus 

CCG-»TCG 

GGA— >AAC 

CAG^ACG 

GCC-*AAC 

CCT-*GTT 

CCT->AAT 

CCA->TCA 

GAT-^ACT 

GCG->AAT 

CCA-»TCA 

GCG->AAC 

GCC-»AAC 

GCT-»TCT 

GCC->AAC 

GCT-»ACG 
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TABLE 3 (CONT'D) • 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR N-LINKED CARBOHYDRATE CHAINS 



TO 



15 



20 



N29 



N30 



Amino Acid 
finest, i tut ion 

Leui2iSeri22 A snl25Thri27 



Thri20Glyi22Leui23Asni25Thri2? 



30 



35 



40 



45 



50 



N31 
N32 

N33 
N34 



Asni26seri28 



Asni26Thri28Vall29 



Leui2iSeri22Asni26 T hri28vali29 



N35 

N36 
N37 

N38 
N39 

N40 

N41 



Sequence 
Changes 

N28 plus • 
CCT-»CTT 
CCA-VTCA 
N28 plus 
TCC-»ACC 

CGC-^GGG 
GAT->CTC 
TCA— »AAT 
GCT— »TCT 
TCA— >AAT 
GCT-»ACT 
CCA->GTA 

N32 plus 
CCT-*CTT 
CCA-VTCA 

Tta m Gly l 2 3S.rl2W«Thrl 2? Val l « «32pi™ 

GAT— »GGG 
GCC-»TCC 
CCA-»AGC 
CTC-»AAC 
ACA-+AAC 
ACT— »AAT 
GAC->ACC 
GCT-»AAT 
GAC-»AAC 
TTC-»ACC 
ACT— *AAT 
CGC-*ACC 
TTC— >AAC 
AAA— >ACA 



Ser 129Asnl30 

AsnI32 
Asnl34Thrl36 

Asnl35 
Asnl36Thrl38 

Asnl37Thri39 
Asni38Thri 40 



55 
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TABLE 3 (CONT'D) 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR N-LINKED CARBOHYDRATE CHAINS 



Analog 
No, 



Amino Acid 
Substitution 



10 



15 



20 



25 



N42 
N43 



N44 

N45 
N46 
N47 
N48 



Asn^ 44 
Serl43Thrl49 V ali5° 



Glyl48Thrl49 

Asnl55 

Asnl63ser u 5 
Asn30Thr32val8 7 Asn88Thr90 

Asn69Thr7lSer87 A sn88Thr90 



Sequence 
Changes 



GTC->AAC 
TTC-»TCC 
CTC->ACC 
CGG— »GTG 
TTC-+GGC 
CTC->ACC 
CTG-4AAT 
ACA— *AAT 

N4 and N18 
Nil and N14 



30 



35 



40 

) 



45 



SO 



55 
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TABLE 4 

ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR O-LINKED CARBOHYDRATE CHAINS 

Amino Acid Sequence 

Substitution Change 

ATC-»AGC 




01 
02 
03 

is 04 
05 
06 
07 



012 
013 

30 014 



015 
016 



018 
019 
020 



021 
022 



029 



Ser6 
Ser 7 . 
Ser8 

Ser" 
Seri8 
Ser23 
Ser29 



09 Ser3 ° 

010 Ser33 
2* Q11 Ser37 

Ser-»9 

Ser 61 

Ser" 



35 017 CCT-»TCT 



Ser 67 
Ser68 

Ser 70 
Ser 7 3 
Ser 7 < 
Ser 7 * 



40 n?i Ser 7 ^ 



Ser8i 



023 Ser86 
024 
025 
026 



Ser« 7 
Ser»3 

Ser98 
Ser99 

028 Ser102 



TGT-»TCC 
GAC->AGC 
GTC-»TCT 
GAG— >TCG 
GAG— *TCG 
TGT— >AGC 



so 9Q TGT— *TCT 

08 Ser29 



GCT-4TCT 
TGC-»TCA 
GAG— >TCG 
TAT— »TCT 
GTA— »TCA 
GTC-»TCC 
CTG-*TCG 
GCC-*TCC 
CTG-»TCG 



GTC-»TCT 
CTG-»TCG 
GCC-»TCC 
TTG— »TCG 
CAG— »TCG 
CCG-»TCG 
CTG-»TCG 
GCC— »TCC 
GTC->TCC 



027 

» ^ „ in , CTT->TCT 



Seri03 



CGC-*AGT 



55 
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TABLE 4 (CONT'D) . 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR O-LINKED CARBOHYDRATE CHAINS 







Amino Acid 




anal oci NO. 


substitution 


TO 


030 


Serios 




031 


Seri°9 




032 


Serin 


T5 


033 


Ser"2 • 


034 


Serin 




035 


Seri28 




036 


Seri59 


SO 


037 


Serial 




038 


Proi25Seri2'' 



25 



30 



35 



40 



45 



50 



039 

04 0 

041 

042 

043 

044 

045 

046 

047 

048 

049 

05 0 

051 

052 

053 
054 
055 



Thr*2 
Thr* 4 
Thr 65 
Thr 8 8 

Thr*2 
Thr lOO 
Thr llO 
Thr^S 

Thrl23 
Thr^24 
Thrl25 
Thrl25 S erl27 

Thrl25 T hrl26 

Thrl26 
Thr«7 

Thr 130 



Sequence 
Change 



CTC-AGC 

CTT-»TCT 

GCT-+TCT 

CTG-»TCG 

GCC-»TCC 

GCT-»TCT 

TCG-^GAG 

TGC-»TCC 

GCC-»CCC 

GCT-4TCT 

GAA-4ACA 

TGG— >ACG 

CAG-»ACG 

TGG-4ACG 

CCC->ACC 

CAG-4ACG 

AGT-»ACT 

CGG-»ACG 

CAG-*AC.G 

GAT -» ACT 

GCG-»ACG 

GCC-^ACC 

GCC-4ACC 

GCT-4TCT 

GCC->ACA 

TCA-»ACA 

TCA-4ACC 

GCT->ACT 

CTC-*ACC 



55 
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TABLE 4 (CONT'D) 
ERYTHROPOIETIN ANALOGS HAVING SITES 
FOR O-LINKED CARBOHYDRATE CHAINS 



10 



15 



20 



Analog No. 
056 
057 
058 
059 



Amino Acid 
substitution 

Thr l3l 

xhr 136 

Thr 140 

Proi24 T hri25 



Sequence 
Change 

CGA-»ACA 
GAC->ACC 
AAA— *ACA 
GCG-*CCG 
GCC-»ACC 



30 



35 



40 



45 



060 


Proi 24 Thr 125 Thr 126 


059 plus 
TCA-*ACC 


061 


Proi2 4 Thri 25 Thri2 6 Thri3i . 


O60 plus 
CGA-»ACA 


062 


HCG C-terminal extension 

TABLE 5 




ERYHROPOIETIN ANALOGS HAVING SITES FOR N- AND O-LINKED CAHbUHYUHAi t 

CHAINS 


Analog No. 


Amino Acid Substitution 


Sequence Change 


N01 


Ser^Asn^Thr* HCG C-terminal extension 


N14and 062 


N02 


Asn 30 Thr a2 Val B7 Asn 88 Thr 90 HCG C-terminal extentsion 


N47 and 062 



Plasmids designated pDEC-X (where X is the analog number) were constructed by inserting > ]^ 
pDECA, which is a derivative of plasmid P DSo2. The expression vector P DSo2 is generally descnbed .n PCT Appltca- 
tion No. WO 90/14363. pDECA was derived from pDSct2 by the following steps: 

(1) The Hindlll site of P DSo2 was deleted by digesting P DSo2 DNA with Hindlll. treating the Hindlll cohesive ends 
with E. coli DNA Polymerase (Klenow fragment) and dNTPs. and religating the Hunt-ended vector. The resulting 

Srp^^^wSdtaested with Sail and a synthetic oligonucleotide having an SV40 splice signal with a Sail linker 
attached to the 3' end of the splice signal was ligated to it The synthetic oligonucleotide had the following sequence 
(SEQ ID. NO: 18): 



so 



ss 



20 



10 



IS 



30 



35 



40 
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5 . TCGAGGAACTGAAAAACCAGAAAGTTAACTGGTAAGTTTAGT 
CTTTTTGTCTTTTATTTCAGGTCCCGGATCCGGTGGTGGTGCAAATCA 

TGGATGT TGCCTT TACTTCT AGGCCTGTACGG 



AAGAACTGCTCCTCAGT' 
AAGTGTTACTTCTGCTCT. 



Aaaagctgctgcaacaagctggtcgacc 3' 



The resulting plasmid was pDSa2AH splice. M , TJ nNA«i»mp raE P 
3) pDSa2AH splice was digested with Sail and Hunt-ended by treating the cohesive endj 
and dNTPs An 820 bp. BamHI-Bglll human erythropoietin cDNA fragment was blunt-ended by the same method 

ase The plasmid was religated to delete the excised Kpnl-Pvu.l fragment resulting m the plasm* pDECA 

pDEC-X plasmids were made from pDECA by complete digestion ^^^^SSiR 
Bglll. The vectorfragment lacking erythropoietin coding sequences was .solatedandhgatedtotheBIObpBstE.i egin 
zs fragments containing the desired plasmid. ^.««»e Hoei-rihod helow 

Details of the construction of some analogs having multiple ammo acid changes are described below. 

Cansttuflion M P nFfVN47^ and nDEC(N48) 

P DEC(N47) which contains asn30 thr32 va.87 asn68 and th*0 mutations "«^f^ *ltSs £ 
pDEC(N4) pDEC(N18) was digested with Hindll and Bglll and a 445 bp fragment ^J^^^StlSt 
Sigested with BstEII and Hindlll and a 377 bp fragment was isolated. These two fragments were (.gated .nto pDECA cut 
with BstEII and Bg1 II as described above resulting in pDEC(N47). n npr/Nitf and 

pDEC(N48) which contains asn69 thr71 ser87 asn88 and thrfO mutates was cons* u"^£g*"4 
dDEC(N11) pDEC(N14) was digested with Hindll and Bglll and a 445 bp fragment was ,S0, ^J'° EC( ^l ) A w r ^ 
SSSd wllh Sold Hindi. a 9 nd a 377 bp fragment was isolated. These two fragments were ..gated into pDECA cut 
with BstEII and Bglll as described above resulting in pDEC(N48). 

r-nnctrnrtinn of pDEC(OP ^ fnr.fi;Ervthroooietin Fusion) 

nDPCf0621 was assembled from P EC1 and a 107 base pair Stul-Bglll synthetic DNA linker containing the carboxy 
ternX^ 

^^^^•^^^'^^ (SEQ ,D ' N ° : 25) (PierCe * R6V ' 81 

^(1981)). The sequence of the linker is as follows: 



45 



50 
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TO 



75 



5 ' CCTGTAGGACAGGGGACAGATCCTCTTCCTCAAAGGCCCCTCCCCCCAGCCTTC- 
3 ' GGACATCCTGTCCCCTGTCTAGGAGAAGGAGTTTCCGGGGAGGGGGGTCGGAAG- 



5 • CAAGTCCATCCCGACTCCCGGGGCCCTCGGACACCCCGATCCTCCCACAATGA 
(SEQ ID. NO: .19) 

3 ' GTTCAGGTAGGGCTGAGGGCCCCGGGAGCCTGTGGGGCTAGGAGGGTGTTACTCTAG 
(SEQ ID. NO: 20) 



pEC1 was digested with Stul and Bglll and the 610bp DNA tragment was isolated. The synthetic linker wasphos- 
phorylated with ATP and polynucleotide kinase and ligated with the pEC1 tragment into pDECA previously digested with 
so BstEII and partially digested with Bglll as descrtoed above. 

Construction of pDECiNQII 

P DEC(N01) was assembled Irom pDEC(062) (HCG-EPO) and pDEC(N14) (^Asn^Thr 90 ). pDEC177 was 
25 digested with Stul and Bglll and the 610bp DNA fragment containing the Se^Asn^Thr 90 mutations was isolated wi* 
gene-clean. pDEC(062) was digested with Stul and Bglll and the 107 base pair fragment was isolated. The^two DNA 
fragments were ligated into pDECA previously digested with BstEII and partially digested with Bglll as described above. 

Construction of oDEC(N021 

pDEC(N02) was assembled from pDEC(062) (HCG-EPO) and pDEC(N47) ^S^JSfl!^ 
pDEC(N47) was digested with Stul and Bglll and the 610bp DNA fragment containing the Asn*Thr«Val Asn «Thr~ 
mutations was isolated with GeneClean™. pDEC(062) was digested with Stul and Bglll and the 107 base pair fragment 
was isolated. These two DNA fragments were ligated into pDECA previously digested with BstEII and partially digested 
as with Bglll as described above. 

Construction ofoDECfNItt (^.^V^^h 

pDEC(N16) was assembled from pDEC(N14)(Ser 87 Asn 88 Thr 90 ) and pDEC258(Ala 162 ). pDEC258 was constructed 
40 using procedures for in Jflttfi mutagenesis described above and changing the AGG codon to GCG al : pos*on 162. 
pDEC(N14) was digested with Stul and Bglll and the 610bp DNA fragment containing the Ser 87 Asn Thr 8 rMo^ 
was isolated with GeneCleanTM. P DEC258 was digested with Stul and Bglll and a 21 0 base pair fragment v*sisolated. 
These two DNA fragments were ligated into pDECA previously digested with BstEII and partially digested with Bglll as 
described above. 



<s 



so 



55 



Construction of pDEC(R1). ( R21 and < R31 

To remove glycosylation sites from pDEC(N14). m13-EPO(N14) containing ser87 asn88 and thr90 mutations was 
subjected to in yJlre mutagenesis as described above using the following primers: 

5'GGAGGCCGAG£AGATCACGACGG3' GLN24 (SEQ ID. NO: 21) 
5'CTTGAATGAG£AGATCACTGTCC3' GLN38 (SEQ ID. NO: 22) 
5'CTGTTGGTCCAGTCTTCCCAG3' GLN83 (SEQ ID. NO: 23) 

The resulting plasmids were designated pDEC(R1) (gln^ 4 ser 87 asn 88 thr 90 ) pDEC(R2) (gin 38 ser 87 asn 88 thr 90 ) and 
pDEC(R3) (gin 83 ser 87 asn 88 thr 90 ). m13EC-1 was also subjected to jn yifrg mutagenesis with the above oligonucleotide 
primers resulting in pEClO (gin 24 ) and P EC8 (gin 38 ). pEC9 (gin 83 ) was constructed using the primer 

S'CCTGTTGGTCC^TCTTCCCAGCS'GLNSS (SEQ ID. NO: 24) 
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10 



15 



20 



cDNA Cones of human erythropoietin and analogs oompon** S^S? bS21S2 
ppo rW 24 ! EPO IAsn 125 Ser 127 ] EPO. [Asn 163 . Ser 165 J EPO. pnr 12! i EPO and [Pro 124 . Thr °] EPO and cdna 
i Sbii 3.4 aid 5. were transferred into COS-1 cells (ATCC No. CRL.166Q I jr<M» 
iraTon STcells were harvested from semi-conf luent dishee. washed with medium ^^^^ 
medium containing 5% fetal calf serum and 1% <-^ in ^ 

at 4 x 10 6 cells/ml. One ml of cells was transferred to an electrcporation cuvette (Bio-Rad) * 
Sc-Rad Gene Pulser at 25 jiFarads and 1600 volts in the presence of 100 to 200 pg of earner DNA and 2 to 20 no of 

culture dish in 5 ml of medium. Two to tour hours after plating the medium was replaced wrth 5 ml of fresh med.um. The 
conditioned medium was collected 3 to 5 days after electroporation. 

F*amole 7: Cha recusation Erythropoietin Analogs 

A. Determination of Caibohydrate Addition 

A volume of supernatant containing 5-20 units from COS cells transfected ^S^J!XS£!^ 
described in Example 6 was immunoprecipitated overnight at room temperature wrth a rabbit ant-erythropoietin poly 

13? :1 Protein' A-s'epharose in phosphate buffered saline (PBS) was added to 
ctoita e and allowed to incubate tor one hour at room temperature. The samples were centrrfuged washed wrth PBS 
aS whe^ indSSd the penet was treated with N-glycanase to remove N-linked cajtohydrate « J«gJ 
w*e analyzed by 15% SoSpolyacrylanVide gel electrophoresis, transferred to nitrocellulose and subjected te Western 

a^sisIS^ 

a Sre of mouse anti-erythropoietin monoclonal antibodies. One such anttedy. 9G8A. is deserted .n Elliott et al. 

2S transfected wrth [Asn-] EPO and [Asn-. ^ E ~~ 

increased^ size compared to human sequence erythropoietin This increased «V^^^So3S 
N-linked carbohydrate chain (Figure 7). Treatment of supernatant, ! from COS ^^^^^^J^. 
TPro 124 Thr 125 ] EPO cDNA with N-glycanase revealed an increased protein size compared to human sequence e yth 

S!£ietin™^ 

M ^e^te^ -ached to EPO. parte. NJ^*- 

oertormed Analogs or rHuEPO were expressed in CHO cells and conditioned serumfree med.um was collected. Tubes 

pie wes boiled for 3 minutes. Then the following components were added. ^^^S^^ Jif^ 
PA0 and 1.5 |U of 250 unit/ml N-glycanase (Genzyme). Samples were incubated tor the 'J^^ *2- & J™ 
Reaction was Sopped by the addition of SDS-PAGE sample buffer (see above) and then subjected to SDTOGE west- 
7!^{SXSSm ^ing an anti-EPO polyclonal antibody and a anti-rabbit Vec^tain^ ( V^or tebo^- 
tories) wrth 4-chloronaphthol as substrate. An analysis of N-linked chains using this method .s shown in F.gure 11 for 
human erythropoietin and analog N1 4. 

B. Assays tor erythropoietin analog activity 

RIAs were performed according to Egrie et al.. sUEffl. ElAs were pertormed ^ CU !i OT ^- E ^i^^JifS" 
,ems) using procedures supplied by the manufacturer. The in yM biological activrty of 

mined on supernatants from CHO cells expressing an erythropoietin analog or on punf ,ed «*l«pM tam 
CHO cell conditioned medium as described below using the exhypoxic polycythemic mouse bioassay (Cotes et al.. 

yfea erythropoietin activity was determined by the erythroid colony forming assay as described by Iscove et aL 
J. cS P^stouk 309-320 (19?4) with modifications. The mononucleated ceHs from human bone narrow xete were 
partially purified on a ficoll-paque cushion and washed in Iscove medium before plating to '^^J^^ 
The curture medium contained 0.9% methyl cellulose and did not include any bovine serum atoumm. The erythroid ool- 

^r^^^tE!^ expressed in COS cells as deserted in Example 6 were arjly zed . 
crude COsTell supernatants using R.A. EIA and an erythroid colony forming assayPunf|ed ^"sequence erytfuo- 
ooietin has an in vitro activity that was comparable to the RIA activity as determmed by the above-mentioned assays. 
Canals [aWepO (W 2 *) EPO aTtPro 124 . Thr«*] EPO exhtoHed an jn vitro, activity that was con^raWe to 
to!££X£iVN* evidence of having additional carbohydrate chains (as determined in Section A)^^ EPO 
and analogs N4 N11 N14. N16. N18. N47. N48. 062. N01 and N02 were analyzed further by transfecting a cDNA 
»e i'ySropoietin analog into CHO cells, and subjecting the CHO cel. supernatants to RIA or EIA and 
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in yiys> biological assays. The results are shown in Table 6. Jn yive activities for analogs R1 . R2 and R3 expressed 
CHO cell supematants are shown in Table 7. 
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TABLE 6 

ERYTHROPOIETIN ANALOGS HAVING 
ADDITIONAL CARBOHYDRATE CHAINS 




so 



EPO Sequence 

Human 
Asn3°Thr32 

Aan5lThr53 
Asn5 7 Thr59 

Asn^Thr 7 * 
Ser68Aan69Thr71 

Val87A 3 n88 T hr90 
Ser87Aan88 T hr90 
Ser87Asn88Gly89Thr90 

Ser87Asn88Thr90Thr92 

A 3 n89ile90 T hr91 

Ser8-»Aan89ile90 T hr91 

Ser87Asn88Thr90Alal62 

Aanl36 T hrl38 

A 3 nl38Thrl4° 

Asn69Thr-'lSer87Aan88Thr90 
Aan30 T hr32val8''Asn88Thr90 

•• Thrl23 
Thrl25 
Prol24 Thr 125 

HCG C-terminal extenaion 

Ser8">Aan88 T hr90 

HCG extenaion 

A3n30Thr32val87A3n88 T hr90 
HCG extenaion 



id 
n.t. 
n. t- 
n.t . 
reduced® 
n.t • 
n.t. 
n.t. 
normal 

n.t . 
reduced e 
n.t . 
n.t. 
n.t. 
n.t. 
n.t. 
n.t. 
normal 
1 and 2* 
1 and 2* 
1 and 2* 
at least 39 

at least 39 



4- to 5 at least 39 



3 C 
3 to 4 C 
4 
4 
4 
4 
4 

4* 
3 to 4 C 
4 
4 
4 
4 
4 

3 to 4 

3 to 4 

4 to 5 
4 to 5 C 

3 
3 
3 
3 



RIA or EIA 
0.6 
1.1 
n.t. 
n.t. 
n.t. 
0.25-0.7 
n.t. 
1.8 
1.0 
n.t. 
n.t. 
n.t. 
n.t. 
1.8 
n.t. 
n.t. 
0.025-0.25 



1.8 
n.t. 
0.7 
n.t. 
1.0-1.3 

1.5 



P. 8 
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TABLE 6 FOOTNOTES 



a T he number of additional N-linked chains was estimated 
cased upon the mobility of the analog polypeptides in SDS 
gels as described in Example 7A. 

bRatio of in xiSG activity of analog to amount of 
erythropoietin analog. Activity measurements were done on 
CHO cell supernatants of analogs using the mouse 
polycythemic bioassay. Quantities of erythropoietin 
analogs in CHO cell supernatants were determined by RIA or 
EIA as described in the text. 

crv>n*Hrtnarion of the number of additional carbohydrate 
cnafnfwas maSe by examining the glycoprotein migration in 
iSl-Sels af?er partial N-glycanase digestion as described 
in Example 7A. 

dO-linked chain at Seri26 is present on 70% of human 
erythropoietin molecules . 

^Analogs having reduced O-glycosylation have a carbohydrate 
chain at Ser^ G n less than 70% of the molecules. 

fThri23 EPO has two O-linked chains on greater than 60% of 
the molecules Thri25 EPO has two O-linked chains on 
aoour 4 O^of the 'molecules . Pro^Thr"* EP O has two 
O-linked chains on greater than 80% of the molecules. 

gThese analogs have at least three O-linked chains and may 
have four or five. HCG alone is known to have four 
O-linked chains. 

N.T. NOT 1 TESTED 
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TABLE 7 



ACTIVITY OF HUMAN ERYTHROPOIETIN AND ANALOGS HAVING CARBO- 
HYDRATE SITE REARRANGEMENTS 


EPO Sequence 


N-bnked Chains 


In VIVO Muuviiy nir\ Ul 
EIA 


Human 


3 


0.69 


Gin 24 


2 


0.16 


Gin 38 


2 


0.16 


Gin 83 


2 


0.23 


Gln^Ser^Asn^Thr 90 < R1 > 


3 


0.69 


Gln^Ser^Asn^Thr 90 ^ 


3 


0.41 


Gln^Ser^Asn^Thr 90 ( re > 


3 


0.50 


Ser^Asn 88 ™^ 


3to4 


1.48 


Ratio of in jdsffl activity to RIA or EIA was determined as described in footnote a 


of Table 6. 







C. Preparation of Isoform Mixtures Derived from Erythropoietin Analogs 
JJhi%E£QiE£QjQ5£a 

The erythropoietin analog rjhr 125 ] EPO was constructed as described in [Section A] Example 6. An 810 bp. eryth- 
ropoietin cDNA fragment carrying the [Thr 125 ] mutation was isolated by cleaving the plasmid pEC containing the 
fThr 125 ] mutation with BstEII and Bglll and ligating the fragment to pDECA. [a derivative of P DSo2] (described in Exam- 

Plasmid pDECA containing [Thr 125 ] erythropoietin cDNA wastransfected into DHFR-deficient CHO cells. 770 ml of 
CHO cell conditioned medium was concentrated using a 10.000 dalton molecular weight cut-off membrane and diafil- 
tered against 10 mM Tris-HCI. pH 8.6 to a f inal volume of 34 ml. A 17 ml. aliquot of the concentrate was loaded ontc , a 
Q-Sepharose fast flow column (5 ml bed volume) equilibrated in the same buffer and eluted in a linear gradient of 0-250 
mM NaCI in 10 mM Tris-HCI. pH 8.6. Aliquots of column fractions, either untreated or digested with N-glycanase, were 
analyzed by SDS-PAGE or IEF and pools (designated 2. 3 and 4) were made based upon the isoform and/or carbohy- 
drate composition of the fractions. Each pool was loaded onto a Vydac C4 column (214TPB 2030; 1 cm diameter; 1.8- 
2 5 ml bed volume; 0.34 ml/min) and washed with two column volumes of 20% ethanol in 10 mM Tris-HCI. pH 7.0. The 
columns were eluted with linear gradients of 20-94% ethanol. 1 0 mM Tris. pH 7.0. Pools were made, diluted .rrto 10 mM 
Tris-HCI pH 7.0 and loaded onto Q-Sepharose fast flow columns. Following a wash in 10 mM Tris-HCI, pH 7.0. the 
samples were eluted with 20 mM sodium citrate. 250 mM NaCI. pH 7.0. The purified [Thr 125 ] pools were analyzed by 
IEF and are shown in Fig. 9. These pools were also analyzed for jn yiyo biological activity as described above (Cotes 
et al.. supra) and the results shown in Table 8. 

ggfflA^Th^a EPO (EPO N14) 
Prep. 1 

The EPO N14 analog was purified using a three step procedure consisting of ion exchange chromatography, 
reverse phase chromatography and gel filtration chromatography. During the ion exchange step, fractions were pooled 
to give a mixture of isoforms having high levels of sialic acid. Two additional pools were made during reverse phase 
chromatography containing the analog with or without aggregate. The details of the purification are set out below. 

1. Conditional medium from CHO cells expressing the EPO N14 analog was harvested and concentrated approxi- 
mately 2 5-fold using a stirred cell with YM10 membrane (Amicon) and dialiKered against 10mM Tris pH 8.5. 
2 The concentrated medium was loaded at -12 f^ai resin to Q-Sepharose FF (Pharmacia) column equ.librated 
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in 1 OmM Tris pH 8.5 at a flow rate of 0.2 cm/min. 

3. Following the load, the column was washed with 3 column volumes (CV) of 10mM Tris pH 8.5 and eluted with a 
gradient of 0-0.5M NaCI/1 OmM Tris pH 8.5 in 50CV. 1 CV fractions were collected. 

4 A sample of each traction was run on an IEF gel pH 3-5. Based on the isoform distribution on IEF. a fraction pool 
containing largely isoforms 1 1 -18 was made. EDTA was added to the pool to 1 mM final concentration. 
5. The isoform pool was loaded at -5 Wri resin to a reverse phase C4 column (Vydac) equilibrated iri .20% . eth- 
anol/10mM Tris pH 7.0 at a flow rate of 2.5 cm/min. The column was washed with 1 CV of 20% ethanol/10mM ITris 
pH 7.0 and eluted with a gradient of 20-94% ethanol/IOmM Tris pH 7.0 in 30CV at a flow rate of Icm/min. 0.2CV 
fractions were collected. _ . 

6 A sample of each fraction was analyzed by non-reducing 12% SDS-PAGE. Two separate pools were made 
based on the presence of aggregate observed on SDS gels. Pool #1 contained EPO analog but no aggregate. Pool 
#2 contained both EPO analog and aggregate. 

7. Pool #1 was concentrated approximately 65-fold and pool #2 approximately 250-fold using Centncon 10 s (Ami- ■ 
con). Each pool was buffer exchanged into 20mM NaC'itrate/100mM NaCI pH7.0. 

8 Each pool was individually purified on HPLC BioSil SEC-250 (BioRad) column equilibrated in 20mM NaCi- 
trate/1 OOmM NaCI pH7.0. Pools were loaded at <6 A280/ml resin at a flow rate of 2.26 cm/min. Peaks correspond- 
ing to monomeric analogs were collected from each run. 

9. The absorbance of each pool was measured and a portion of each pool was concentrated for analysis by SDS- 
PAGE and IEF gels. Pool #1 had a distribution of isoforms 15-1 7 and was used for pharmacokinetic and receptor 
binding studies. 

Prep, 2 

EPO N14 analog was purified using a three step procedure consisting of ion exchange chromatography, reverse 
phase HPLC. and hydroxylapatite chromatography. During the ion exchange step, the analog was divided into three 
pools containing different mixtures of isoforms. The details of the purification are set out below. 

1. Supernatant from CHO cells expressing EPO N14 were harvested and concentrated approximately 10-fold using 
a Filtron Mini-Ultrasette tangential flow device and diaf ittered against 1 0mM Tris pH 8.5. 

2. The concentrated medium was loaded at -10 k^Jni t0 Q-Sepharose FF (Pharmacia) column equilibrated 
in 10mM Tris pH 8.5 at a flow rate of 0.2 cm/min. 

3. Following the load, the column was washed with three column volumes (CV) of 10mM Tris pH8.5 and eluted with 
a gradient of 0-0.5M NaCI/10mM Tris pH 8.5 in 50CV. 1 CV fractions were collected. 

4 A sample of each fraction was run on an IEF gel pH 3-5. Three separate fraction pools were prepared based on 
the isoform distribution as determined by IEF. A low isoform pool (isoform 4-12). a medium isoform pool (isoform 5- 
1 5), and a high isoform pool (isoform 6-1 8) were made. 

5 Each isoform pool was individually purified on a Vydac C4 reverse phase HPLC column. The column was devel- 
oped with a gradient from 0.1% TFA/H 2 0 to 0.1% TFA/75% acetonitrile at a rate of 1% increase in acetonitrile per 
minute. 

6. The analog peak from each pool was collected and diluted with 4 volumes 80mM Tris HC1/20mM Tris base, then 
concentrated and buffer exchanged into lOmM Tris pH 7.2 using solvent resistant Centricon 3's. 

7. Each sample was diluted to 2 A 280 /ml in 1 0mM Tris pH 7.2 and an equal volume of 4M Guanidme HC1 (GuHC1), 
10mM CHAPS. 10mM Tris pH 7.2 was added for a final sample concentration of 1 AgBo/ml. Each sample was 
loaded onto a hydroxylapatite minicolumn equilibrated with 2M GuHCl. 5mM CHAPS. 10mM Tris pH 7.2. The col- 
umn was washed with equilibration buffer and 1 CV fractions of flow through were collected. 

8. The absorbance of fractions was measured and pools were made and buffer exchanged into 10mM Tris pH 7.2 
using Centricon 1 0's. The absorbance of each pool was measured. 

The final pools were analyzed by SDS-PAGE and IEF gels. The IEF gels are shown in Figure 12. The RIA and in 
vivo activity assays were performed as described in Example 7A. The in yjyo. activity of the final isoform pools is 
reported in Table 8. The high sialic acid isoform pool was used in experiments to determine the increase in the hemat- 
ocrit of mice. 
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TABLE 8 


ACTIVITY OF ISOFORMS FROM ERYTHROPOIETIN ANALOGS 


EPO Sequence 


Isoform Pool 


In vivo activity u/mg. 
peptide 8 ! 


Thr 125 


Isoforms 8-12 


147.000 b 




Isoforms 9-15 


215,000* 




Isoforms 13-15 


n 1,000* 


Ser^Asn^hr 90 


Isoforms 7-12 


132,000 ±17,000 




Isoforms 10-14 


233,000 ±39.000 




Isoforms 12-17 


272,000 ±14,000 



"milligrams of erythropoietin peptide were calculated from A^o of the 
Ser^Asrv^hr 90 EPO isoform poofs using an extinction coefficient of 
0.93 tor a 1 mg/ml solution. 

"Standaio deviations for Thr 125 EPO isoform pools are not reported 
since activity assays were done either once or twice. 



Fvamnla 8: Biol nnical Properties of FPQ N14 Analog 

The activities of isoform pools of EPO N14 analog, recombinant human , eryunropoietin (rHuEPO) and plated 
rHuEPO isoform 14 were compared in i.v. pharmacokinetic assays, receptor binding assays and hematocrrt ;s ud es. 
EPO N14 isoform pools were prepared as describe in Example 7C. rHuEPO ^^^STi ^U^ 
sunra rHuEPO isoform 14 was purified as follows: rHuEPO consisting of a mixture of isoforms 10. 11.12. 13. 14 ana 
SSL ^d« i to aQ-Sepharose Fast Flow column (Dimensions = 2.2 cm dia. X 3.4 cm ht.) equilibrated in 10 mM Tr* 
pH ll "etadi c5umn was equated to 2mM acetic acid / 6 M urea ("A" bulter) then ™»*~^ 
designed to optimize purification of isoforms 13 and 14 was run. The gradient was 0% , to .7.3% 800 mM acetic acid / 6 
M urea ("B" buffer) in 750 mL, 7.3% to 114% "B" buffer in 750 mL, 11.4% to 26.8% "B" buffer in 
62 4% "B" buffer in 1250 mL. then 62.4% to 100% "B" buffer in 700 mL. Fractions of 12.5 mL were collected neutralized 
lam^mMrcSe.^ 

isoform 14 were pooled together, concentrated with an Amicon stirred cell equipped wrth a YM-10 membrane then 
buffer exchange to water. 

A. | V Pharmacokinetics 

Two separate studies were performed to compare the pharmacokinetic parameters of EPO N14 analog (isoforms 

^rh^ 

etin Amersham)was injected intravenously into a carotid cannula in male Sprague-Dawley rats v^hing ^310" 
378g. At various time points after administration. 0.3ml of blood was collected and serum was prepared * 
ton The 125 l-EPO (eifter recombinant human, isolated isoform 14. or EPO N14 analog) concertrat.on ,n 0.1ml of each 
semm^p e was then determined following an overnight 4'C incubation with 90% ethanol. The ethanol-preaprtated 
eacTLmm sample was courted in a gamma counter and the resulting pharmacokinetic curves are shown 
in figure 13 C^SSetic parameters were determined for each rat using ™°" L J"^ 
analysis (Statistical Consultants. 1992) and the results for each group were averaged. The results from the EPO N14 
analoo and the isolated isoform 14 pharmacokinetic studies are summarized in Table 9. 

% seen in S5e 9. there is a significant difference in the serum clearance of EPO N14 analog 
that calculated for recombinant human erythropoietin. The recombinant human erythropaetn <*»(^^^" 
3-Hfe of 3 10 hrs compared to 3.97 hrs for isolated isoform 14 and 4.36 hrs for EPO N14 analog The recombinant 
Sne^op«e^up also had the fastest cleamnce halHHe d 1 .78 hrs conpared to 2.40 hrs for .soteted .soform 

14 and 3.03 hrs for EPO N14 analog. 
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B p^ftptnf Binding Assays 

The interaction of EPO N14 analog (isoforms 15-17) with the erythropoietin receptor was studied by a cold dis- 
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placement assay using human erythroleukemia 0CIM1 cells (Papayannopoulou et al. Blood §4 (supp.1). 1 16a jl984». 
Increasino concentratons of unlabeled EPO N1 4 were incubated with 0CIM1 cells along with a constant concentraton 
*m amount of EPO N1 4 required to compete with «l rHuEPO for binding*, the receptor 
t a comparison increasing concentrations of unlabeled rHuEPO were also competed with a constant concentraton 
of 125 l-rHuEPO 

Unlabeled EPO N14 was diluted in assay buffer and added in amounts of 0.03ng. 0.1ng, 0.3ng. I.Ong. 3.0ng 
toZ S?0.0ngXsed on peptide mass). u.5ng of ^".-recombinant human EPO were ^» 
^by the addition of approximately 0.5x1 0* OC.N.1 cells. The assay tubes were ^^^J^^StZ 
water bath for 2 hours. Following the incubation, the solutions were centnfuged through a dibutyl P^lale^l*alate 
oif solution to separate unbound ^1-rHuEPO from ^1-rHuEPO bound to OCIM1 cells. Cell pelletswe « i^ated and 
tjLr* of '^-rHuEPO bound to the cells was determined by gamma court*. Courts 
cells were calculated and the concentration of unlabeled protein requ.red to compete 50% of the 1-rHuEPO b.nding 
in the absence of competitor was determined by linear regression analysis. 

to reduce 125 l-rHuEPO binding to OCIM1 cells by 50%. In the same three assays, unlabeled rHuEPO required an aver 
ageof0.51±0.15ngtoconpetewiththeb^^ 

of EPO N14 was required to compete the binding of ^l-rHuEPO to the EPO receptor compared to unlabeled r-HuEPO 

^addrtional experiment was performed to make a direct comparison between EPO N14 analog, isolated lisotorm 
14. and recombinant erythropoietin for binding to the erythropoietin receptor. The results of this "P™"*^™ 
EPO N14 analog had a lower affinity for the receptor than isolated isoform 14. An approximate two- oW excess °f EPO 
N14 analog was required to compete the binding of 125 l-rHuEPO to the receptor compared to unlabeled isoform 14 
(Figure 14). 

25 C Hematocrit Study 

An in yiyg study was performed to compare the ability of EPO N14 high and low isoform pools (from prep 2 
describe? inlxanje 7C) isolated isoform 14. and recombinant human EPO to increase the hematocnt of treated 
mice. The isoform distribution of EPO N14 high and low isoform pools used in this study is shown ,n Figure 12. 

CD1 mice (about 30g) were injected intraperitoneally three times per week for a total of six weeks with one of the 
aboveprS 

The dosage of erythropoietin preparations was based on peptide mass, so that a 30g 'f'f'"^*"" 
of peptidase for EPO N14 high pool. EPO N14 low pool, isoform 14. and '- HuEP0 * te f^.^^^ 
group of 0.036*, of peptideAiose was included tor EPO N14 high pool and isoform 14. The hematocnts of aH m ce were 
determined at baseline and twice weekly thereafter by retroorbital bleeds. At the concluaon of the expj^ent serum 
from all animals was collected and assayed for antibodies to the injected product. Data from animals judged to be neg- 
ative for neutralizing antibodies was used for subsequent analysis. 

As shown in figure 15. animals treated with the EPO N14 high isoform pool attained the highed I group average 
hematocrits compared to the other preparations. Isoform 14, recombinant human EPO and the EPO N14 low .soform 

40 pool increased hematocrit to a lesser extent. 

In order to compare the different erythropoietin preparations in a more quantitative manner, the average initial rate 
of hematocrit rise (0-11 days), area under the curve (0-39 days), and the total hematocrit ^^^^ 
(Table 10). By any of these criteria, the EPO N1 4 high isoform pool appears to be more active on a P e P t,de 4 " iass ^ 8 ' s 
than any other preparation tested. Both the EPO N14 high isoform pool and isoform 14 were ^^'^^ 
45 binant human EPO. The EPO N14 low pool had the lowest activity when any of the analyses was used for comparison. 
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TABLE 10 



EFFECT OF EPO N14 (HIGH AND LOW ISOFORM POOLS), ISOFORM 14 AND rHuEPO ON THE HEMA- 
TOCRIT OF MICE 


Preparation 


Dose Oig) 


Rate of Hct Rise 1 
(points/day) 


Area Under Curve 2 


Total Hct Increase' 5 (Hct 
points) 


N14 High Fool 


0.071 


1.46 


619 


25.4 


Isoform 14 


0.071 


1.19 


546 


22.6 


N14 High Pool 


0.036 


0.98 


428 


19.1 


Isoform 14 


0.036 


0.76 


284 


10.7 


r-HuEPO 


| 0.071 


1.0 


424 


17.5 


N14 Low Pool 


0.071 


0.5 


212 


9.3 



'initial rate of hematocrit rise was calculated from days 0-1 1 by linear regression. 
2 Area under the curve was calculated from day 0-39 by trapezoidal summation. 

*To!al hematocrit increase was calculated as the group average hematocrit on day 39 minus group average 
ocr it at baseline. 
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While the invention has been described in what is considered to be its preferred embodiments, it is not to be limited 
to the disclosed embodiments, but on the contrary, is intended to cover various modifications and equivalents included 
within the spirit and scope of the appended claims, which scope is to be accorded the broadest interpretation so as to 
encompass all such modifications and equivalents. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Amgen Inc. 
<ii) TITLE OF INVENTION: Erythropoietin Analogs 
(iii) NUMBER OF SEQUENCES: 26 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Amgen Inc. 

(B) STREET: Amgen Center, 1840 DeHavilland Drive 

(C) CITY: Thousand Oaks 

(D) STATE: California 

(E) COUNTRY: U.S.A. 

(F) ZIP: 91320-1789 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDBDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CGCCCACCAA ACCTCAGCTG TGACAGCCGA 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: CDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 
ATCTGTACAA CCGAAGCCTG GAGAGGT 



(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRAND EDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 
GGGCCTGGCC AACCTGT.CGG AAG 



(2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4 
TCCCCTCCAG ATAATGCCTC AGCTGC 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE : cDNA 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5: 
CAGATCCGAA CTCATCTGCT CCAC 



(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : CDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 
I jGCCTGCAG gaatgggagc AGATGACCAG gtg 



(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 
T~1AGATGCG ACCTCAGCTG CTC 

(2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 
CCTCCAGATC CGACCTCAGC TGC 
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(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 28 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNBSS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 
GGGCCTGGCC AACCTGACAG AAGCTGTC 



" ) INFORMATION FOR SEQ ID NO : 10 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 
CAGGGCCTGT CCAACCTGAC AG AAGCTGTC 

{?\ INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic, acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE : cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID- NO: 11 
CAGATGCGAA CTCAACGGCT CCAC 
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(2) -INFORMATION FOR SEQ ID NO: 12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
ATGCGAACTC AACGGCTCCA CTCACAACAA TCACT 



(2) INFORMATION FOR SEQ ID NO: 13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID 
CCAGATCCAA ATTCATCTGC TCCACTC 



(2) INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 
CCAGATCCAA ATTCAACAGC TCCACTC 
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(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 
"* CCAGATGCGA CAACAGCTGC TCCA 

(2) INFORMATION FOR SEQ ID NO: 16: 

<i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 
AGATCCGACC ACCGCTGCTC CAC 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 
v.- (A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17 
TGCTCCACTC ACAACAATCA CTG 
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(2) INFORMATION FOR SEQ ID NO: 18: 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 184 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

10 (ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 
TCGAGGAACT GAAAAACCAG AAAGTTAACT GGTAAGTTTA GTCTTTTTGT CTTTTATTTC 60 
75 AGGTCCCGGA TCCGGTGGTG GTGCAAATCA AAGAACTGCT CCTCAGTGGA TGTTGCCTTT 120 
ACTTCTAGGC CTGTACGGAA GTGTTACTTC TGCTCTAAAA GCTGCTGCAA CAAGCTGGTC 180 

184 

GACC 



20 



(2) INFORMATION FOR SEQ ID NO: 19: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 107 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

30 ( ii) MOLECULE TYPE: CDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID -NO : 19 : 
Ce^TAGGAC AGGGGACAGA TCCTCTTCCT CAAAGGCCCC TCCCCCCAGC CTTCCAAGTC 60 
CATCCCGACT CCCGGGGCCC TCGGACACCC CGATCCTCCC ACAATGA ^ 
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(2) INFORMATION FOR SEQ ID NO: 20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 108 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: CDNA 



55 



38 



JO 



15 



30 



35 



EP0 640 619B1 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

gatctcatig tcggaggatc ggggtgtccg agggccccgg gagtcgggat ggacttggaa 

GGCTGGGGGG AGGGGCCGAG GAAGAGGATC TGTCCCCTGT CCTACAGG 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



60 
108 



(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 
20 GGAGGCCGAG CAGATCACGA CGG 

(2) INFORMATION FOR SEQ ID NO: 22: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION : SEQ ID NO: 22: 
CTTGAATGAG CAGATCACTG TCC 

(2) INFORMATION FOR SEQ ID NO: 23: 

(i) SEQUENCE CHARACTERISTICS: 
40 (A ) LENGTH: 21 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

45 (ii) MOLECULE TYPE: cDNA 
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(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 
CTGTTGGTCC AGTCTTCCCA G 

(2) INFORMATION FOR SEQ ID NO: 24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 
.TGTTGGTC CAGTCTTCCC AGC 

(2) INFORMATION FOR SEQ ID NO: 25: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 28 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 
(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 25: 

Ser Ser Ser Ser Lys Ala Pro Pro Pro Ser Leu Pro Ser Pro Ser Arg 

35 , . c 10 X3 . 

1 =» 

Leu Pro Gly Pro Ser Asp Thr Pro lie Leu Pro Gin 
20 25 



(2) INFORMATION FOR SEQ ID NO: 26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 193 amino acids 

(B) TYPE: amino acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Met Gly Val His Glu Cys Pro Ala Trp Leu Trp Leu Leu Leu Ser Leu 
^ 5 10 

Leu Ser Leu Pro Leu Gly Leu Pro Val Leu Gly Ala Pro Pro Arg Leu 
20 25 30 

lie Cys Asp Ser Arg Val Leu Glu Arg Tyr Leu Leu Glu Ala Lys Glu 
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Ala Glu Asn lie Thr Thr Gly Cys . Ala Glu His Cys Ser Leu Asn Glu 
50 55 60 

Asn lie Thr Val Pro Asp Thr Lys Val Asn Phe Tyr Ala Trp Lys Arg 
65 70 75 

Met Glu Val Gly Gin Gin Ala Val Glu Val Trp Gin Gly Leu Ala Leu 
85 9° 95 



Leu Ser Glu Ala Val Leu Arg Gly Gin Ala Leu Leu Val Asn Ser Ser 
100 105 HO 

Gin Pro Trp Glu Pro Leu Gin Leu His Val Asp Lys Ala Val Ser Gly 
115 120 I 25 

Leu Arg Ser Leu Thr Thr Leu Leu Arg Ala Leu Gly Ala Gin Lys Glu 

140 



130 



135 



Ala lie Ser Pro Pro Asp Ala Ala Ser Ala Ala Pro Leu Arg Thr lie 
145 



35 , A c 150 155 



Thr Ala Asp Thr Phe Arg Lys Leu Phe Arg Val Tyr Ser Asn Phe Leu 
165 * 70 X - 75 

Arg Gly Lys Leu Lys Leu Tyr Thr Gly Glu Ala Cys Arg Thr Gly Asp 
180 185 

Arg 



so Claims 

1 An analog of human erythropoietin having at least one additional site for N-glycosylation at any one of amino acid 
positions 30, 51, 57, 88. 89, 136 and 138 and wherein at least one additional N-linked carbohydrate chain is 
attached at any one of said amino acid positions. 

55 

2. The analog of claim 1 which is the product of expression of an exogenous DNA sequence. 

3. An analog of human erythropoietin which is: 
Asn^Thr^Val^Asn 8 ^ 90 EPO. 
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4. An analog of human erythropoietin selected from the group consisting of: 

Asn^Thr 32 EPO; 
Asn^Thr 53 EPO; 
Asn^Thr 59 EPO; 
VaFAsn^r 90 EPO; 
Ser 87 Asn 88 Thr 90 EPO; 

Ser 87 Asn 88 Gly 89 Thr 90 EPO; 
Se^Asn 88 !^^^ EPO; 
Ser^Asn^Thr^Ala 162 EPO; 
Asn^r^Ser^Asn^Thr 90 EPO; 
Asn 89 lle 90 Thr 91 EPO; 
Ser^Asn^lle^Thr 91 EPO; 
Asn 136 Thr 138 EPO; and 
Asn 138 Thr 140 EPO. 

5. An analog of human erythropoietin comprising an extension of one or more amino acids from the carboxy terminus 
of erythropoietin wherein the extension includes at least one glycosylate site. 

6. The analog of claim 5 wherein the extension comprises a peptide fragment derived from the carboxy terminus of 
human chorionic gonadotropin. 

7. The analog of daim 6 selected from the group consisting of: 

(a) human erythropoietin having the amino acid sequence ^^^^^^^^ 
Ser-Pro-Ser-Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-Ile-Leu-Pro-Gln extending from the carboxy terminus. 

(b) the analog in (a) further comprising Se^Asn^r 90 EPO; and 

(c) the analog in (a) further comprising Asn^Thr^VaFAsn^Thr 90 EPO. 

8. Ananalogofhurrttnervthropoietin^^ 

and an addition of an equal number of non-naturally occurring glycosylate sites. 

9. The analog of claim 8 wherein the non-naturally occurring glycosylate site is an N-tinked carbohydrate site at 
amino acid position 88 of human erythropoietin. 

1 0. The analog of claim 9 selected from the group consisting of: 

Gln^Se^AsnS^Thr 90 EPO; 
Gln^Ser^Asn^Thr 90 EPO; and 
Gln^Se^Asn^r 90 EPO. 

11 An analog of human erythropoietin having an additional site tor O-glycosylation at amino acid position 123 and 
i " wherein an additional O-linked carbohydrate chain is attached at said amino acid position. 

12. A DNA sequence encoding an analog of human erythropoietin according to any one of claims 1 to 11. 

13. A eucaryotic host cell transfected with a DNA sequence according to claim 12 in a manner allowing the host cell to 
3 express an analog of human erythropoietin. 

14 A pharmaceutical composition comprising a therapeutically effective amount of an erythropoietin analog according 
' to any one of claims 1 to 11 together with a pharmaceutically acceptable diluent, adjuvant or carrier. 

5 Patentanspruche 

1 . Ein Analogon von menschlichem Erythropoietin mit mindestens einer zusfitzlichen SteHe f Or die 

an irgendeiner der Aminosaurepositionen 30. 51. 57. 88. 89. 136. 138 und wobe. mindestens erne zusatzhch N- 
gebundene Kohlenhydratkette gebunden ist an irgendeiner dieser Aminosaureposrtionen. 
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2. Das Analogon nach Anspruch 1. das das Produktder Expression einer exogenen DNA-Sequenz ist. 

3. Ein Analogon von menschlichem Erythropoietin, namlich: Asn^^VaFAsn^Thr 90 EPO. 

4. Ein Analogon von menschlichem Erythropoietin, ausgewahK aus der Gruppe bestehend aus: 

Asn 30 !^! 32 EPO; 
Asn^Thr 53 EPO; 
Asn^Thr 59 EPO; 
Val^Asn^Tnr 90 EPO; 
Ser^Asn^Thr 90 EPO; 
Ser^Asn^Gl/^Thr 90 EPO; 
Ser 87 Asn 88 -mr 90 Thr 92 EPO; 
Ser 87 Asn 88 Thr 90 Ala 162 EPO; 
Asn^Thr^S^Asn^r 90 EPO; 
Asn^lle 90 ^! 51 EPO; 
Se^Asn^lle^Thr 91 EPO; 
Asn 136 Thr 138 EPO;und 
Asn 138 Thr 140 EPO. 

5. Ein Analogon von menschlichem Erythropoietin, umfassend eine Verlangerung ^^^T^^. 
sauren an dem Carboxyterminus von Erythropoietin, wobei die Verlangerung m,ndestens erne GJytosyherungs 
stelle einschlieBt 

6. Das Analogon gemaB Anspruch 5. wobei die Verlangerung ein Peptidfragment umfaBt. abgeleitet von dem Car- 
boxyterminus von menschlichem Choriongonadotropin. 

7. Das Analogon gemaB Anspruch 6. ausgewflhlt aus der Gruppe bestehend aus: 

(a) menschlichem Erythropoietin, das die Aminsosauresequenz Ser-Ser-Ser-Ser-Lys .Ala "P^^f e ^ 
Leu-Pro-Ser-Pro-Ser-Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-Ile-Leu-Pro-Gln hat d.e den Carboxyterm.nus 

verlangem; 

(b) dem Analogon gemaB (a), ferner umfassend Ser^Asn^Thr 90 EPO; und 

(c) dem Analogon in (a), ferner umfassend Asn 3 °Thr 32 VaJ 87 Asn 88 Thr 90 EPO. 

8. Ein Analogon von menschlichem Erythropoietin, umfassend eine Deletion von ein jr. ^ J*™"* 
rungsstellen in menschlichem Erythropoietin und eine Addition von einer gle.chen Anzahl von n.cht naturhch vor 
kommenden Glykosylierungsstellen. 

9. Das Analogon gemaB Anspruch 8. wobei die nicht natOrlich vortommende Glytosylierungsstelle eine N-gebun- 
dene Kohlenhydratstelle an der Aminos&ureposition 88 des menschlichen Erythropoietins ist 

; 1 0. Das Analogon gemaB Anspruch 9, ausgewahlt aus der Gruppe bestehend aus: 

an^Ser^Asn^Thr 90 EPO: 
Gln 38 Ser 87 Asn 88 Thr 90 EPO; und 
Gln^Ser^Asn^Thr 90 EPO. 

' 1 1 . Ein Analogon von menschlichem Erythropoietin, das eine zusatzHche Stelle f Or die OGIykosyli erung in. der Ami- 
nosaureposHion 1 23 hat und wobei eine zusatzliche O-gebundene Kohlenhydratkette gebunden .st an d.eser Ami- 
nosdurepos'rtion. 

5 12. Eine DNA-Sequenz. die ein Analogon von menschlichem Erythropoietin gemaB einem der Anspruche 1 bis 1 1 
codiert. 

13 Eine eukaryotische Wirtszelle. transfiziert mit einer DNA-Sequenz gemaB Anspruch 12 in einer Art und Weise. die 
der Wirtszelle erlaubt. ein Analogon von menschlichem Erythropoietin zu expnmieren. 
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14. Eine pharmazeutische Zusammensetzung. umfassend eine therapeutisch wirksame Menge eines Erythropoietin- 
Analogons gemaB einem der AnsprOche 1 bis 11 zusammen mrt einem pharmazeutisch vertraglichen VerdOn- 
nungsmffiel. Hilfsstoff Oder Trager. 

Revendications 

1 Analogue de rerythropoietine humaine ayant au moins un site supplemental de N-glycosylation suM'une quel- 
conque des positions d'acides amines : 30. 51. 57. 88. 89. 136 et 138 et dans lequel au moins une cha.ne gluod.- 
que supplementaire. liee a un N est f ixee a I'une quelconque desdites positions d'acides amines. 

2. Analogue selon la revendication 1 qui est le produit de I'expression d'une sequence d'ADN exogene. 

3. Analogue de rerythropoietine humaine qui consiste en : 
Asn^r^VaFAsn^r^EPO. 

4. Analogue de rerythropoietine humaine choisi dans le groupe qui consiste en : 

Asn^Thr 32 EPO; 
Asn^Thr 53 EPO; 
Asn^Thr 59 EPO; 
Val 87 Asn 88 Thr 90 EPO; 
Ser^Asn^Thr 90 EPO; 
Ser^Asn^Gly 89 !!* 90 EPO; 
Ser 87 Asn 88 Thr 90 Thr 92 EPO; 
Se^Asn^ThrSOAJa 162 EPO; 
Asn^Thr^Ser^Asn^Thr 90 EPO; 
Asn^lle^Thr 91 EPO; 
Se^Asn^lle^Thr 91 EPO; 
Asn 136 Thr 138 EPO; et 
Asn 13fr mr 1i,0 EPO. 

5. Analogue de rerythropoietine humaine comprenant une extension d'un ou de plusieurs acides amine* a partir de 
I'extremite carboxyterminale de rerythropoietine, dans lequel lextension comprend au moins un site de glycosyla- 
te. 

6. Analogue selon la revendication 5. dans lequel I'extension comprend un fragment peptidique derive rextremite car- 
boxyterminale d'une gonadotrophs chorionique humaine. 

7. Analogue selon la revendication 6 choisi dans le groupe consistant en : 

(a) l'erythropoT6tine humaine ayant la sequence d'acides amines Ser-Ser-Ser-Ser-Lys-Ala-Pro-Pro-Pro-Ser- 
Leu-Pro-Ser-Pro-Ser-Arg-Leu-Pro-Gly-Pro-Ser-Asp-Thr-Pro-lle-Leu-Pro-GIn s'6tendant a partir de Iextr6m.t6 

carboxyterminale ; 

(b) I'analogue sp6c"ifi6 en (a) comprenant en outre Ser^Asn^Thr 30 EPO ; et 

(c) I'analogue sp6cHi6 en (a) comprenant en outre Asn^Thr^al^Asn^Thr 90 EPO. 

8. Analogue de rerythropoietine humaine comprenant une deletion d'un ou de plusieurs sites de glycosylate dans 
rerythropoietine humaine et une addition d'un nombre 6gal de sites de glycosylate non naturels. 

9. Analogue selon la revendication 8. dans lequel le site de glycosylate non naturel est un site glucidique lie a un N 
£ la position d'acide amine 38 de rerythropoietine humaine. 

; 1 0. Analogue selon la revendication 9 choisi dans le groupe consistant en : 

Gln 24 Ser fi7 Asn 88 Thr 90 EPO; 
an 38 Ser 87 Asn 88 Thr 90 EPO; et 
Gln 83 Ser S7 Asn 8fi Thr 90 EPO. 
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11. Analogue de l'6rythropoT6tine humaine ayant un site supplemental de O-glycosylation sur !a position d'acide 
amin6 123 et dans lequel une chatne glucidique suppl6mentaire, Ii6e k un O est fix6e k iadite position decide 
amin6. 

5 12. Sequence d'ADN codant pour un analogue de l'6rythropoI6tine humaine selon Tune quelconque des revindica- 
tions 16 11. 

13. Ceilule-hfite eucaryote transfect6e avec une s6quence d'ADN selon la revendication 12 de manure k permettre k 
la cellule-hGte d'exprimer un analogue de l^rythropotetine humaine. 

10 

14. Composition pharmaceutique comprenant une quantte th6rapeutiquement efficace d'un Analogue de l'6rythro- 
polftine selon I'une quelconque des revendications 1 k 11 , et un diluant, un adjuvant ou un v6hicule pharmaceuti- 
quement acceptable. 
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